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ABSTRACT
Pipes, Mark Robert. A Comparison of Saxophone Mouthpieces Using Fourier Analysis to
Quantify Perceived Timbre. Published Doctor of Arts dissertation, University of
Northern Colorado, 2018.
The saxophone mouthpiece significantly contributes to the overall timbre of the
instrument. Specialized mouthpiece designs employ combinations of chamber shape,
facing dimensions, and material to create a potential sound and response for the
performer. Also, manufacturers claim that ligatures affect tonal brightness. However,
there is a lack of scientific data reflecting the impact of the claimed tonal characteristics
of the specified designs on timbre.
With the advent of the smartphone application, the spectrum analysis (also known
as impedance spectra) resulting from a Fourier Transform has recently become available
to a mass audience. This technology is being investigated to quantify timbre color. Thus,
the primary focus of this thesis was to investigate the use of acoustic measurement
technology available on a smartphone to benefit the performance of the musician.
Frequency spectra of 12 different alto saxophone mouthpieces with six different
ligature combinations and three tenor mouthpiece clones made of different materials were
recorded. Four notes were recorded from each mouthpiece based on the fundamentals of
the saxophone. The timbres were compared for brightness by measuring the spectral
centroid (SC) and normalized spectral centroid (NSC).
Specific mouthpiece characteristics were explained and characterized for their
contribution to timbre brightness. This explanation was compared against past research.
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The physical characteristics of several mouthpieces were measured using X-ray
tomography, and the frequency spectra of each were recorded. Resulting spectra were
analyzed, compared, and charted to isolate and evaluate the influence of mouthpiece
characteristics and ligature characteristics on timbre.
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PREFACE
The inspiration for this thesis began 30 years ago when I spent my first summer
working as a lab assistant at the Center for Composite Materials at the University of
Delaware. It was there, in the manufacturing and testing of reinforced carbon fiber, that I
first noticed how materials behaved under certain conditions. I also learned that good
experiments involved many tests, a large amount of data, and often lead to more
questions.
I studied music and the saxophone in college. I played the saxophone and
mouthpiece recommended by my teacher, never questioning why. Soon, I began
experimenting with a variety of mouthpieces to find a pathway to a timbre that mirrored
contemporary jazz and popular recordings of the day. Without any quantified system to
measure tone, this exploratory process was done by trial and error. Mouthpieces made
from different materials seemed to perform differently. A student of Frederick Hemke
from the 1990s, I was also curious about my mentor’s use of a metal mouthpiece. This
seemed to go against the convention of using hard rubber for the classical genre. I also
noticed that the performance of saxophone mouthpieces seemed to be different between
brands, and there were various opinions on what constituted a dark timbre.
Later, I did consulting work in the materials science field as a proposal writer,
researcher, and editor for seven years. This experience gave me insight into the scientific
process. This thesis seemed to be a great opportunity to pull from the past scientific
research and writing skill set while providing new knowledge and insight for the greater
saxophone community. There were several surprises. Now there is a fair amount of data,
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a few answers, and an even greater amount of new questions. I enjoyed the research into
saxophone acoustics. The saxophone community owes a large debt to the pioneering
work on the acoustics of single-reed wind instruments done by Arthur Benade and the
current work being done by Joe Wolfe at the University of New South Wales.
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CHAPTER I
INTRODUCTION
Background
Today, the saxophone is called on to fill roles in the classical, jazz, and pop music
worlds. Many saxophonists choose to use a separate, specific mouthpiece to aid in the
production of the timbre required for each specific musical genre and environment.
However, some saxophonists choose the more cost-effective and less complicated
approach of using one mouthpiece for all performance requirements. Both students and
professionals alike search for a mouthpiece that offers the functionality, performing
characteristics, and timbre desired.
Historically, saxophonists have used a trial-and-error approach in assessing
equipment. Saxophonists also tend to rely primarily on the recommendations of teachers
and friends and on the marketing campaigns of shops or manufacturer for feedback on
what product is best. However, what works for one saxophonist will not necessarily work
for another. At the time of this thesis, there is a lack of quantified data defining the tonal
color produced by any saxophone mouthpiece. This causes confusion when assessing any
saxophone equipment, because two saxophonists may have completely different
perceptions of what is a bright or dark tone. The saxophone community needs a
quantitative way to decide what equipment will best aid in the production of the intended
timbre.
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There is a continuing debate among the saxophone community regarding the
resulting timbre of modern and historic equipment. With the continued development of
science and technology in the fields of acoustics, materials science, and physics,
saxophone mouthpiece manufacturing techniques are more advanced than ever before.
Printing of metals and plastics in 3D offers the opportunity to provide innovative internal
geometries not possible with computer-controlled machining (Carral, Lorenzoni, &
Verlinden, 2015). Reinforced polymers can be developed with a variety of mechanical
properties. Finally, computer-aided tomography (CT) can determine precise internal
measurements by passing X-rays through elements of the musical instrument to detect
internal dimensions not obvious to the typical observer. These technologies can create
new approaches or recreate the designs of the past.
Many manufacturers recreate historical material and equipment to their own
specifications. MacDowell and Guy (2013) wrote that Behn developed a manufacturing
technique to produce hard rubber that recreates a material from the early 20th century.
However, many professional musicians would argue that these new technologies do not
necessarily produce anything that is better. Many saxophonists have very strong opinions
about the benefits of using specific historic equipment claiming superior sound quality.
Some saxophonists will claim that contemporary materials and manufacturing techniques
are inferior and cannot produce a product that compares to the heralded greats.
This classicist approach is common in the world of music. Often, manufacturers
claim that their new product has elements of specific historic equipment that was used by
the great players of the genre. For new saxophonists, equipment once used by great
performers seems to be a path to success. In the case of the alto saxophone, the favored
jazz mouthpiece is the 1950s Meyer Brothers New York (first issued in 1948), played by
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Cannonball Adderley and Sonny Stitt (Wanne, 2016b). Selmer made a version of the hard
rubber Soloist for Larry Teal in the 1950s and 1960s, and these remain popular today.
Marcel Mule and Frederick Hemke both played on Selmer Metal Classic mouthpieces.
Ferron (1997) discussed the problem:
Lacking the objective grounds necessary to find ideal equipment, artists depend
on good luck and unending experimentation. If today’s products do not provide
exactly what is desired, artists turn to older series and brands consecrated with the
prestige of age and rarity. (p. 95)
Certainly, these mouthpieces were appropriate for the performance needs of their time, or
they would not have remained popular. In fact, many mouthpieces studied in this thesis
are variations on these three historic mouthpieces from the mid-20th century.
Professional saxophonists insist that their ears can tell the difference between
their historic equipment preference and a modern creation. However, an article in the
New York Times by Belluck (2014) showed that expert violinists could not discern the
timbre of a Stradivarius from that of a modern professional-quality violin in a series of
performances.
Regardless of any opinion or favor toward any brand, heritage, technology, or
model, saxophonists require quantified data that can be used as a tool to assist in locating
equipment that produces the desired timbre. This thesis sought to determine quantitative
measurements of brightness of timbre for select saxophone mouthpieces and investigated
the role of mouthpiece material and chamber design in producing the resulting timbre.
The experiments and resulting data defined mouthpiece timbre brightness and compared
the flexibility among typical mouthpiece options for the alto saxophonist. In addition, the
effect of a ligature on timbre brightness was measured.
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Measuring Timbre
Scavone (1997) stated that modern computational power is available and able to
test and model woodwind acoustical principals for the benefit of better designs, but the
typical musician does not have access to this competency. Thus, a simple smartphone
application (app) may well offer the power of these scientific methods to the musician in
measuring the instrument characteristics that contribute to timbre of the sound produced.
Beauchamp (2007) defined timbre as any characteristic of sound not related to
frequency, amplitude, or time. Until recently, the technology for the quantitative measure
of the characteristics of sound waves (acoustics) was only available to scientists because
of the requirement for expensive equipment and substantial technical training required for
its use. Today, acoustic measurement apps that provide a high level of precision are now
available for the smartphone, a ubiquitous item in the pocket of every saxophonist. The
primary focus of this thesis was to investigate the use of spectral analysis technology
available on a smartphone to benefit the performance of the musician. Just as measuring
pitch with a tuning app provides one a quantitative measure that improves aural
awareness, the musician’s ability to quantitatively measure the characteristics of timbre
should also improve performance.
Further, timbre brightness must be quantitatively defined in order to accurately
compare one mouthpiece to another. Wyman (1972) described a dark tone quality as
having a spectrum shape with a strong fundamental and progressively decreasing
harmonics. He described a rich tone quality as having more energy in the third, fourth, or
fifth harmonic.
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Selection of Mouthpieces for Study
The twelve alto saxophone mouthpieces studied were selected for a variety of
factors. These were: (a) availability, (b) historical relevance, (c) tip opening, (d) marketed
genre characteristic, (e) chamber design, and (f) material. This study attempted to address
mouthpiece types that are commonly used by contemporary professionals and students.
All twelve alto saxophone mouthpieces tested are currently available on the market at the
time of this study. Also, some models were investigated that were based on historical
designs such as the Meyer, the JodyJazz HR*, the Theo Wanne NY Bros, the Selmer
Metal Classic, the Selmer Metal Jazz, and the Selmer Soloist. The mouthpieces were also
selected so that there were four groups with similar tip openings. These were (a) Group
A, ranging from 1.45 mm to 1.55 mm, (b) Group B, ranging from 1.65 mm to 1.75 mm,
(c) Group C, 1.93 mm, and (d) Group D, ranging from 2.05 mm to 2.2 mm. The study
also investigated designs marketed for various genres. For instance, the Dahlke Virtuoso,
Rousseau 4R, and Pomarico 3 were marketed for classical use. The Phil-Tone Custom
Meyer, Theo Wanne NY Bros, Jody Jazz HR* were marketed for straight-ahead jazz. The
Theo Wanne Fire and the Theo Wanne Shiva2 were marketed for contemporary jazz,
funk, pop, and rock. The Selmer Soloist and Selmer Metal Classic, and Selmer Jazz
Classic were marketed for various genres. The mouthpieces selected also ranged from
lower cost, such as the Rousseau 4R, Pomarico 3, Selmer Soloist, Theo Wanne Fire, and
the Jody Jazz HR* to mouthpieces costing two or three times as much, such as the Theo
Wanne NY Bros, Theo Wanne Shiva, and the Dahlke Virtuoso.
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Overview of the Experiments
This thesis compared the resulting timbre brightness of various mouthpieces by
measuring the spectral centroid level of a recorded pitch. The pitches chosen for study
were concert (a) Db3, (b) Db4, (c) Ab4, and (d) Db5 on the alto. The pitches studied on
tenor were (a) Ab2, (b) Ab3, (c) Eb4, and (d) Ab4. The corresponding saxophone pitches
on both Bb tenor and Eb alto are (a) Bb3, (b) Bb4, (c) F5, (d), Bb5. These four pitches
showcase the range of the saxophone while keeping the experiment concise.
To achieve the goal of quantifying the brightness of each mouthpiece, four
experiments were conducted. These were (a) proof of concept for the reliability of data.
This involved doing the same experiment ten times with two different mouthpieces and
finding the rate of variability. (b) Data was taken from all twelve alto saxophone
mouthpieces. All twelve mouthpieces were recorded again in a much larger room to
address any change in mouthpiece projection. (c) Data was taken from three tenor
saxophone mouthpieces supplied by JodyJazz with identical chamber shapes and
differing materials. These recordings were done onsite at JodyJazz in Savannah, GA.
This experiment was designed to address the factor of material on timbre brightness. (d)
Data was taken of various ligatures on different mouthpieces as ligatures are routinely
marketed to affect tonal color.
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CHAPTER II
REVIEW OF THE LITERATURE
History of the Saxophone Mouthpiece
Adolphe Sax apprenticed under his father from an early age (Ingham, 1998). The
younger Sax also trained as a performer, studying flute, voice, and clarinet at the Brussels
Conservatory. Before developing the saxophone in the 1840s, he created saxhorns and
completely reworked the bass clarinet. Sax patented his Saxophone, shown in Figure 1,
on June 28, 1846 (Ingham, 1998). The new instrument appeared to be a clarinet
mouthpiece placed at the truncated end of a conical bore made of brass with a Boehminfluenced system of keys (Kastner, 1844). In his patent, Sax wrote that the interior shape
of the saxophone mouthpiece chamber should be very large, round, and it should taper to
the bore (Hemke 1998). The first ebonite clarinet mouthpiece was tested in 1851, and it
became the primary material for single reed mouthpieces in the latter 19th century into the
20th (Wehner, 1963).
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Figure 1. Saxophone produced by Adolphe Sax in 1855 on display at the Metropolitan
Museum of Art in New York.
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The Acoustics of the Saxophone
It is important for saxophonists to understand the physical acoustics of the
instrument for both performance and pedagogy. Saxophonists have long debated the
influence of various components of the saxophone upon the quality of the sound
produced. The saxophone mouthpiece has been one of the most extensively discussed.
Myers (1980) found that the air column inside the bore is excited by vibration of the reed,
and it resonates at nodal points. For the saxophone, the bore includes the interior of the
body, neck, and mouthpiece. The body of the cone must be stiff enough to hold its shape
around the vibrating column of air under pressure.
Some of the energy of the vibrating air column is lost due to viscous flow effects
and to thermal heat transfer as the air passes along the wall of the instrument’s bore. The
amount of dampening or energy loss is directly related to the hardness, surface quality,
and porosity of the bore material (Myers, 1980). This is analogous to coasting on a
bicycle over flat ground. If the surface is hard and impervious, such as on concrete, there
is little energy loss. However, a bicycle coasting on loose sand will quickly stop
altogether. Even though the cone of air is the vibrating medium, the body of the cone
affects the amount of energy that is sent to the aural environment.
At the 101st meeting of the Acoustical Society of America, Arthur Benade (1981)
showed that many musical instruments have similar relationships in their sound spectra.
Orchestral instruments generally have strong lower harmonics and then decrease on the
average of 18 dB beginning at the fifth or sixth harmonics. Instruments that do not project
well have weaker harmonics. Therefore, the amplitude of higher harmonics directly
affects the perceived projection of the instrument.
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Benade and Lutgen (1988) stated that, acoustically, the saxophone functions in
the same way as other conical reed instruments such as an oboe or bassoon. The length of
the air column is effectively changed as keys are opened and closed in the lower part of
the bore. They stated that the volume of the mouthpiece must be equal to the volume of
the truncated end of the cone, which supports the earlier claim by Adolphe Sax in his
original patent (Hemke, 1998). Any imperfections and misalignments in the system are
perceived by the performer as unresponsive behavior.
Benade and Lutgen (1988) described the unique acoustics of conical reed
instruments:
When a player blows in a conical reed instrument such as the saxophone, the reed
acts as a pressure-operated valve in such a manner that the flow of air into the
mouthpiece is increased and decreased as the acoustical pressure difference
between the mouthpiece cavity and the player’s mouthpiece rises and falls. To
first approximation, each impedance maximum of the air column is capable of
setting up and maintaining a sinusoidal oscillation at its own frequency, and all
these harmonically related oscillations could coexist with independent amplitudes
and phases that depend on the accidents of the start-up process. Instead, to second
approximation, during the initial buildup of the amplitudes of these oscillations,
the inevitable nonlinearity of the reed’s flow-control characteristics generates
additional frequencies that are harmonics of each resonance frequency. In
addition, a retinue of sum-and-difference heterodyne frequencies are generated. In
other words, each spectral component is coupled via the reed-valve nonlinearity to
each other one, thereby guaranteeing a definite relationship between the
amplitudes and phases of all of the components under any given conditions of
blowing. (pp. 1900–1901)
Benade and Lutgen (1988) also stated that harmonics decrease as the dynamics decrease.
They found that the low register cutoff frequency where the harmonics begin to drop is
around 800 Hz for the tenor and 1500 Hz for the alto.
Chen, Smith, and Wolfe (2015) found that the large angle of the bore contributes
to the greater sonic capacity of the saxophone over other conical orchestral instruments.
They measured the impedance spectrum at the mouthpiece and confirmed the findings of
Benade and Lutgen (1988); the lowest notes on the saxophone produce spectra where the
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first peak is weaker than the following harmonics. This creates a challenge for the
performer to produce the fundamental first mode pitch instead of the second mode
harmonic.
Next, Chen et al. (2015) noted that the clarinet has impedance maxima occur at
odd harmonics due to its cylindrical bore. The lowest wavelength is four times the length
of the cylinder (600 mm for the clarinet). The frequency is thus (the speed of sound) / 4 x
the length of the bore. The conical bore produces frequencies of (the speed of sound / 2 x
length of the bore. The conical bore produces all harmonics, even and odd.
Most interestingly, Chen et al. (2015) stated that the mouthpiece contributes to the
impedance peaks at an increasing rate beginning with the third mode. Thus, the higher
modes of the saxophone are greatly affected by the chamber shape of the mouthpiece.
At the University of New South Wales, Wolfe (n.d.a) noticed that a change in the
impedance affected the sound spectra. Wolfe is a primary contributor to a series of web
pages at UNSW dedicated to explaining the acoustical terminology in the vernacular of
musicians. He described that in a woodwind instrument, the performer forces the correct
amount of air pressure either between two reeds or, in the case of a saxophone or a
clarinet, between the single reed and the tip of the mouthpiece. Too little pressure does
nothing, and too much pressure clamps the reed to the tip, closing the aperture.
Acoustical Impedance
White and White (2014) defined impedance as “the ratio of the force on a system
to the response of that system” (p. 44). Parker (2009) wrote that impedance is a
measurement of the transfer of vibrational energy between two mediums. In the case of
the saxophone, the reed creates an oscillating wave within the bore. The acoustical
impedance is the transfer of energy from the bore to the air in the performance space. The
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impedance spectra consist of peaks that define the pitch and the amplitude of each
harmonic frequency. Each peak is a measure of its impedance relative to that of the
fundamental.
The performer experiences the impedance as the physical air pressure required to
produce a note. White and White (2014) created an analogy involving ropes of different
thickness and weight. If the lighter rope is oscillated and tied to a thicker, heavier rope,
much of the energy will be reflected to the oscillator, and some of it will be transmitted to
the more massive rope. In short, you can shake the rope as hard as you want, and the
more massive rope will only capture a small portion of the energy. This is a high
impedance. On the contrary, oscillating the more massive rope when it is tied to a smaller
rope will produce oscillation in the smaller rope, but there is a great deal of energy
wasted by oscillating the larger rope. Also, imagine the finesse required to precisely
oscillate the thinner rope with the thicker. If the rope oscillated were attached to a rope of
the same size, this would be a matched impedance.
More precisely, Wolfe (n.d.b) defined acoustical impedance as the oscillating
acoustical pressure divided by the acoustic volume flow. This is a physical phenomenon
that is measurable. It is a characteristic of the instrument, mouthpiece, and reed. The
acoustical impedance is independent of the player. Rather, it characterizes the acoustic
performance of the instrument. This is important, because saxophonists will rate an
instrument or mouthpiece based on their ability to manage the instrument. The acoustical
impedance is how that instrument will behave, no matter who plays it. Benade and
Lutgen (1988) explained the complex relationship between impedance and the horn’s
ability to radiate to the room:
The row of open holes that is present at the lower end of the saxophone air
column acts as a high-pass lattice filter connecting the air column to the
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atmosphere of the room. This means that low-frequency signals generated within
the saxophone are weakly radiated to the outside air, while signal components
laying above the cutoff frequency belonging to this lattice are strongly radiated.
This “treble boost,” which is characteristic of tone hole radiation, has an obvious
direct influence on the sound spectrum in the listening room. (p. 1901)
In the very low range of the saxophone, written Bb3 to C#4, the high impedance and low
frequency of the first mode is weakly projected to the room while the second and third
modes with weaker impedance are strongly radiated. This sheds light on the unique
timbre of the saxophone and the challenges present to the performer in the lower halfoctave of the instrument.
Further, Wolfe (n.d.b) stated that the impedance of the saxophone changes based
on which keys are pressed, also known as a fingering. The acoustic impedance of an
instrument for any specific fingering is one of the major factors that determines the
acoustic response of the instrument in that fingering. It determines which pitches can be
played with that fingering and how stable they are, and it also helps determine whether
they are in tune.
This occurs because a high impedance reflects energy back to the oscillator.
Sound waves that do not escape the bore are reflected and add energy to the oscillating
air column in the system. Therefore, the performer also experiences impedance as note
stability. A high impedance is perceived as a very stable note, where a low impedance is
unstable. A strong impedance is easy for any beginner to play with enough air pressure.
With the excess energy reflected to the oscillator, the reed vibrates at the correct
frequency and is less likely to squeak (vibrate at its own natural frequency). It takes less
finesse to hit the pitch target. For example, the written G4 (concert Bb3) on the alto
saxophone is played by closing the key with the first, second, and third fingers of the left
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hand. Then the player supplies enough air pressure to vibrate the reed and create an
oscillation in the first mode. The note has a large impedance.
With enough pressure, the G4 sounds, and it is one the first notes taught to
beginners. The secondary and weaker impedance is the second mode G5, which can be
produced with the same fingering. The octave key vents at a point to assist in creating a
larger impedance. Any professional player can achieve a G5 without pressing the octave
key. Imagine opening a can of pop with your fingers. This is matched impedance.
Opening a can of beer with a backhoe is a mismatched impedance. It would take a great
deal of finesse. From a saxophone player’s point of view, a small impedance requires
precise control of the oral and laryngeal cavity such as playing pitches in the altissimo
register. The reason for using specific venting keys for specific upper-register notes is to
more closely match the impedance.
Influences on Saxophone Timbre
There are many considerations when selecting a mouthpiece for a specific genre
of performance. First and foremost is the musicians’ own aural concept. As Leibman
(1988) points out, the performer has a concept of the tone that he attempts to produce
through the saxophone. The performer works in concert with the physical system of the
reed, mouthpiece, neck, and horn.
The facing length and tip opening work together to impact projection, intonation,
ease of articulation, and sonic intensity. The impedance of the system increases with a
larger tip opening or harder reed. The impedance also increases when the jaw pressure is
reduced or moved away from the tip. Almeida (2013) quantitatively measured the
differences in amplitude and timbre produced by adjusting lip and jaw pressure on a
clarinet. He used an automated clarinet playing system and concluded that a loud
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dynamic with strong high harmonics on a clarinet is produced with high mouth pressure
and low jaw pressure. If either the air pressure or the jaw pressure is too low, the clarinet
will squeak (the reed vibrates at its natural frequency). Moving the point of jaw pressure
away from the tip of the reed allows for a higher air pressure. This effect of greater
resistance is also achieved by using a stiffer reed.
In her doctoral dissertation, Farrell (1988) compared the playing characteristics of
classical saxophone mouthpieces: Vandoren A20, Sigurd Rascher, Eugene Rousseau 4R,
Selmer S-80 C*, Selmer Larry Teal, and the Yamaha 4C. Farrell used eight subjects to
test the mouthpieces. She found distinct response patterns, intonation tendencies,
projection capabilities, and tonal qualities. Much of that testing provided performer feel
and feedback. The participants completed a questionnaire. There is a quantitative chart
for intonation for each mouthpiece, but there is no analysis of sound spectra. Farrell
obtained interior dimensions in millimeters by taking measurements off an X-ray of each
mouthpiece.
Carral et al. (2015) investigated changes in radiated sound when performing with
a saxophone utilizing mouthpieces of differing chamber designs. She examined
mouthpieces that were either commercially available or were 3D-printed. The dimensions
of the mouthpieces were obtained using a CT scanner. The data were taken from a
professional playing a Yamaha YAS-855 who played a C major scale from C4 to C6. A
Légere plastic reed was used to reduce variability. Mouth pressure was recorded over
time to investigate ease of playing. Carral et. al. quantified mouthpiece playability as the
effort ratio. She hypothesized that mouthpiece chamber design is directly related to sound
projection and ease of playing, even while NSC remained constant. Thus, material affects
playability more than the timbre brightness.
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Influences on Intonation
The pitch on a saxophone is adjusted by moving the mouthpiece along the neck
cork either toward or away from the horn. Pulling the mouthpiece out increases the bore
size, lowering the pitch. Pushing the mouthpiece in toward the horn decreases the overall
bore, which raises the pitch. Morgan (1997) stated that changes in the overall volume of
the mouthpiece do affect pitch. This lowering of the pitch also occurs when reducing jaw
pressure on the reed, which increases the bore of the mouthpiece.
Further, Morgan stated (1997) that mouthpieces that have small chambers and
with extra length to compensate, misalign the harmonics, causing poor tuning, poor
response, and a fuzzy timbre. According to Benade and Lutgen (1988), the saxophone is
designed to play with its harmonics aligned for the best performance. When the nodal
points are out of alignment, the horn is difficult to play and will sound stuffy.
Mouthpiece Material
Myers (1980) wrote that, among the materials for early woodwinds in the
Renaissance and Baroque periods, boxwood was often chosen because it was tightly
grained, dense, and hard. Fletcher and Rossing (1998) wrote that as the European powers
gained colonies in Africa and Asia, the blackwoods of greater density came into favor as
materials for woodwinds. In the historic view of Baines (1963), the majority of 19th
century woodwind instruments were created from ebony and boxwoods. These woods
were found to be the best at resisting splitting, changing shape over time, and were easily
bored and held an edge for a tone hole. The larger woodwinds, such as the bassoons,
were made from maple, apple, and cherry woods. In the case of bassoons, sometimes a
thermoplastic polymer is used to line the upper bore, where cracking can be an issue. A
thermoplastic polymer or a hard rubber were both found to be effective replacements for
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wood in the body of the cone (Fletcher & Rossing, 1998). According to Rousseau (1982),
Marcel Mule performed on a metal mouthpiece because it was the most durable of the
available materials.
In comparing the timbre of metal and wooden clarinets, Parker (1947)
hypothesized that material did not affect timbre. While this early experiment charting the
amplitude of harmonic frequencies to compare timbre is interesting, it leads to further
questions. It is difficult to discern the sensitivity of his recording instruments. The
equipment dates from the 1930s, and his microphone was directional. He noted that the
data change dramatically due to the angle of the side holes. Also, his experiment took
place outdoors with considerable distance between the clarinet and the microphone. One
of his figures shows the metal clarinets having more energetic high harmonics than the
wooden. He does not address this in his writings.
MacDowell and Guy (2015) described the advantages of ebonite over wood
including reduced change of shape over time and increased material availability, while
still maintaining the workability. Glass, porcelain, and ivory have also been historical
materials for saxophone mouthpieces. Glass and porcelain are both brittle and difficult to
shape and are not considered durable. However, there were a few glass clarinet and
saxophone mouthpiece options available at the time of this writing. The use of ivory
today is outlawed because of both social and political issues. Ebonite, a trade name that
became a generic for vulcanized hard rubber, is the most popular material for saxophone
mouthpieces due to its availability, durability, and workability. Of the current options,
many professional saxophonists believe that hard rubber is the material that offers the
best playability. It can be handcrafted by artisans with very fine attention to detail. The
issue with hard rubber is that it can change over time. Any thermoplastic polymer can
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degrade when exposed to temperature extremes and UV light. The mouthpiece table can
warp with exposure to temperature extremes. Glassy polymers (generally referred to as
plastic) mouthpieces are inexpensive to manufacture in large volumes by molding, and
this material is used in low-cost mouthpieces. In general, a low price-point mouthpiece is
least likely to be hand finished to a fine table, rail, and tip opening tolerance.
Toward the goal of creating new instruments with unique timbres, Hopkins (1996)
addressed material as a function of what is available and what is workable. Morgan
(1995), a noteworthy saxophone mouthpiece craftsman, shared his experiences adjusting
and performing on various saxophone mouthpieces. He claimed that wooden or hard
rubber materials sound dark or warm, while metallic materials sound bright.
Globus (2007) investigated clarinet mouthpiece chamber, table, and tip designs.
He concluded that the interior dimension of the mouthpiece has a large effect on timbre.
Globus hypothesized that material is largely a function of availability and workability.
MacDowell and Guy (2015) also went into detail regarding the nuanced effect
that certain materials and manufacturing methods of saxophone mouthpieces have on
tone color. These articles on the effect of mouthpiece characteristics on timbre are
completely based on opinion and are therefore, qualitative. The terminology of warm,
dark, or bright are all subjective. There is also a complete lack of scale or nuance in the
description of the tonal characteristics of the various mouthpieces.
McWilliams (2013) compared two identically shaped Dukoff mouthpieces, with
the exception that one was made of metal and one of plastic (not thermoplastic). When he
compared their spectrograms, he pronounced them to be equivalent. However, there are
noticeable differences in the higher harmonics, and more examination on materials’ effect
on timbre seems appropriate.
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Mouthpiece Chamber
Willet (1962) wrote that the saxophone mouthpiece of the 19th century had a
chamber with a larger diameter than the bore of the instrument. This design emphasized
the lower frequencies of the harmonic spectrum, creating a dark timbre. Leeson (1960)
wrote that at the height of the swing band era in the 1930s, the saxophone struggled to
produce the same power as the brass sections. The design of saxophone mouthpieces
changed to suit the customer requirement for increased projection. Mouthpieces were
elongated and the chamber was narrowed for this purpose. Musicians added their own
high baffles at the tip opening for more punch.
Rascher (1954) wrote that the 20th century classical saxophone mouthpiece should
return to a large chamber design, reflecting Sax’s original drawing. Rascher opposed the
narrow chamber mouthpieces that were being adopted by both classical and jazz
saxophonists. He thought that a mouthpiece with a long, narrow chamber produced a
bright timbre that was unlike what Adolphe Sax had originally intended. Rascher
designed his own mouthpieces that he believed better replicated the original saxophone
sound. It is interesting that Rascher was a forward-thinking modernist in his expansive
approach to the altissimo range of the instrument and a classicist in his approach to
timbre and equipment.
Benade and Lutgen (1988) shared Rascher’s (1954) disdain of late 20th century
saxophone and mouthpiece options. In their acoustical testing, they use a 1912 Conn Bb
tenor and a 1928 Conn Eb alto. Furthermore, they veered off their acoustical topic to
explain themselves.
Such instruments are examples of some of the finest saxophones ever built, and
(when played with proper mouthpieces) will astound the modern player by their
fast, clean articulation, smooth, full tone, and near-perfect intonation.
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Significantly, the long-neglected saxophones of the 1920s are beginning to be
sought by players for routine use, as evidence by their rising prices.
(p. 1901)
Wyman (1972), a protégé of Rascher, wrote his doctoral dissertation on the unique
acoustics and performance characteristics resulting from saxophone mouthpiece chamber
design. The thesis studied how each alto saxophone mouthpiece chamber design
influences the ability of a performer to produce a tone, play in tune, and project. Wyman
employed 12 subjects to test mouthpieces and complete a questionnaire. The quantitative
study used a spectrum analysis for timbre and a Stroboconn tuner for pitch derivation.
Wyman asked 8 of his advanced students at SUNY Fredonia to audition the
different mouthpieces. He chose 11 pitches: Db3, Ab3, C4, E4, F4, Ab4, B4, C5, E5,
Ab5, and Db6. His playing experiment used two microphones, 6 feet apart with the
performer standing 6 feet from the microphone on the right and 8 feet from the one on the
left. Recordings were taped. The recordings were analyzed using an FFT analysis.
Wyman also tested the mouthpieces outdoors to measure the projection of the sound. He
found that tone quality was affected by other factors besides the mouthpiece such as the
performer’s own concept and the performance space.
Wyman (1972) dispelled the myth that straight sidewalls correlate to a bright
timbre. Curved sidewalls, such as found on a 1950s Brilhardt Personaline, are an
effective way to increase the chamber volume, but this is not the only way to accomplish
this objective. Wyman further hypothesized that certain mouthpiece chamber shapes
contribute to undamped and accessory harmonics. He stated that brighter mouthpieces
tend to be weak on the second and fourth harmonic while increasing the third, fifth, and
higher harmonics. Wyman observed that the harmonics representing the fundamental are
not always fully damped when playing in the second register of the horn. He also found
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that strong inharmonic partials correlate to high mouthpiece impedance. He concluded
that a short chamber with a large diameter will generally produce a darker timbre than a
chamber that is narrow and long. His conclusions directly correlated baffle shape and
tone color. This comprehensive set of experiments was carried out with several
participants, individual horns, ligatures, and reeds. Interestingly, the data is mostly
consistent between individual performers, suggesting that the mouthpieces affected the
timbre of each performer in a very similar way.
Guillaume (1972) wrote that the mouthpiece characteristics that affect the timbre
are changes in baffle, sidewall, and inner chamber shape. He altered a Selmer C*
mouthpiece and tested the effects on timbre with his Mark VI alto. He used a synthetic
embouchure and synthetic reed. The latter choice was to avoid the need for rewetting of
the reed. He played five tones--(concert pitch) E4, Bb4, F5, C4, and Bb3--and recorded
the pitches while using a tuner to stay on pitch. Guillaume found that all sounds had a
large range of natural harmonics, and he truncated his data at 10,000 Hz. He found that
certain mouthpiece dimensions excited strong harmonics that were unique to specific
geometries. As expected, he noticed that a smaller chamber excited higher harmonics, but
he also noticed changes in upper-harmonic amplitude with larger chamber dimensions.
He concluded that the changes to the geometry of the chamber result in various changes
to the timbre without clear rules.
Rousseau (1982) wrote that a mouthpiece with a larger chamber tends to produce
fewer audible high harmonics, resulting in a darker tone. In contrast, a smaller chamber
produces more audible high harmonics, resulting in a bright timbre. Rousseau (1962)
went on to write that the tip opening has little to do with timbre. However, the reed must
be of good quality and be the right strength for the specific mouthpiece.
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Measuring Acoustics
The conventional method for measuring the characteristics of an acoustic signal is
Fourier Analysis. The Fourier Transform (FT) is an analysis of sound whereby the
harmonic components that make up an acoustic signal can be determined. According to
Müller (2015), this approach is widely used in technical fields that span physics,
acoustics, and electrical engineering. Yet, the primary concept of the FT has been
practiced by musicians since music was first codified. For example, when a single piano
key is struck, the emanating sound is of the primary frequency; but, there are also other
frequencies that are contained in the emanating sound, often termed as harmonics. Müller
stated that if a FT is performed upon the piano note, it reveals the fundamental frequency
of the note and the frequencies and relative magnitudes of all the overtones present in the
sound produced. Thus, a measure of the makeup of the sound can be determined by that
which uniquely describes it.
The FT can, therefore, be thought of as a method whereby the musical building
blocks (frequencies, amplitudes, and phases) of an acoustic tone can be identified and the
relative importance of each determined. Typically, the primary or fundamental frequency
of a given musical note will have the largest amplitude as measured in decibels (dB),
while the amplitudes of the harmonics typically decrease inversely with frequency. Of
course, in sounds more complex than the single musical note, the amplitudes of the
fundamental frequency and overtones or harmonics may not have this relationship.
The FT can be used to compare two sounds (acoustic signals) to determine the
relative amplitudes of their harmonics. The relation of each harmonic amplitude to the
fundamental can be one measure of timbre. Further, the relative amplitude or
contributions of the overtones to the acoustic signal can be determined and, thereby,
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allow direct comparison between two harmonic acoustic signals to assess differences that
may also relate to timbre (Müller, 2015).
The synthetic formation of musical notes depends upon this concept. Specifically,
the Fourier representation of the note is determined to identify all the component
frequencies, their amplitudes, and phases, and the electronic source recombines them to
produce the synthetic sound. While the process should reproduce the sound perfectly, it is
the imperfection of the frequency response of the speaker system to reproduce the sound
that accounts for deficiencies of musical notes produced in this manner (Müller, 2015).
Sound amplification is another source of imperfection in synthetically generated sound
due to the frequency response characteristics of the speakers. However, the physics of
acoustic signals demands that if the building blocks (frequency, amplitude, and phase) of
two sounds are the same, then the sounds are the same and will appear so to the listener.
Psychoacoustics
The study of human perception of sound is termed psychoacoustics. It investigates
the intersection of audiology, psychology, acoustics, physiology, and engineering
(Ballou, 2008). The human ear can generally perceive frequencies in the range of 20 Hz
to 20,000 Hz, depending on age, health, and genetics. However, the most sensitive range
of human hearing is 1,000 Hz to 5,000 Hz (Fastl & Zwicker, 2006). In musical terms, C6
(a soprano’s high C above the treble clef) has the frequency of 1,046 Hz, while Eb8 has a
frequency of 4,978 Hz.
Plack, Oxenham, Fay, and Popper (2005) stated that the human ear transforms
sound waves into brainwaves and, thereby, converts acoustic events to cognitive
recognition of the musician. The brain’s ability to transform the fundamental and
harmonics of a musical tone into one sound is called fusion. How pitch and timbre are
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perceived by humans stems from the evolution of the brain in the realms of auditory
computation and in communication.
Technically, timbre is the quality given to a sound by its overtones. However,
timbre, to the musician, is a measure of the tone quality. The most significant
contributing factor to any saxophone timbre is the musician and his ability to discern the
complexities of sound. The mouthpiece is a secondary consideration to the performer
who is mastering proper technique and developing the ability to produce a tonal concept
(Liebman, 1989). That is, to produce the timbre of choice, the musician’s highly
developed sense of processing auditory information and use of physical technique is
essential to success.
Carral (2005) studied small differences in timbre. She compared the timbres of
trombones and bagpipes, both quantitatively and qualitatively. She compared the sound
spectra of trombones played with different mouthpiece shapes, and she compared the
timbre differences in a bagpipe canter caused by degrees of reed wetness. In the case of
the trombones, she found that listeners could distinguish differences in 4 and 8 dB of the
relative amplitudes in harmonic partials. She also found that the performer has a large
effect on the timbre of the sound. In the case of the bagpipe, Carral found that the
amplitude of the harmonics increases with the increase of air pressure. Musicians
commonly tune to A4 which has the frequency of 440 Hz and primarily deal with notes in
the range of their own instrument. The author’s range on the alto saxophone is Db3
(138.59 Hz) to the altissimo Ab6 (1,661.2 Hz).
Spectral Centroid
Beauchamp (2007) characterized spectral centroid (SC) as the tilt of the harmonic
spectrum. He identified the SC as a measure of brightness in timbre. Further, he stated
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that SC can be used to sort the exact brightness of wind instruments. Beauchamp (2007)
supplied a table with average and maximum normalized spectral centroids (NSC). On the
darker side, a marimba has an average NSC of 1.3 and a maximum of 6.7. A violin has an
average NSC of 4.6 with a maximum of 7.5, and an alto saxophone has an average NSC
of 4.1 with a maximum of 9.8. Loud instruments are not necessarily higher on the scale.
He listed the trumpet average NSC at 4.9 with a maximum of 5.8, while the harpsichord
average NSC at 7.9 with a maximum of 31. The NSC is higher when more harmonics are
present at relatively equivalent amplitudes. Beauchamp (2007) stated that SC is a
measurement that is “independent of the actual amplitude scale” (p. 47). Thus, the SC
level of two pitches of different loudness levels can be accurately compared.
This scale shows that the SC gives a fine measure of accuracy for the brightness
of a timbre. The SC can be used to compare the brightness levels within the range of the
same instrument. For the saxophone, it can be used to compare different mouthpieces,
ligatures, necks, horns, and performer input. Any quantification of the saxophone timbre
would be a welcome asset to the performer.
Carral (2005) identified two measures of the perception of the brightness of
timbre in her dissertation, Relationship Between the Physical Parameters of Musical
Wind Instruments and the Psychoacoustic Attributes of the Produced Sound. The first
was the NSC. The NSC was defined as the ratio of the sum of the products of the
amplitude or loudness of each harmonic multiplied by the corresponding harmonic
number divided by the sum of the loudness of all the harmonics of the sound. Since the
loudness of the higher harmonics declines significantly compared to the loudness of the
fundamental, only a finite number of harmonics need be considered in the calculation of
the NSC. In addition, the NSC is unit-less since the units of loudness of the sound are

28
canceled out in the calculation. Alternatively, the SC is defined as the ratio of the sum of
the products of the amplitude of each harmonic multiplied by the corresponding harmonic
frequency, in Hertz (Hz), divided by the sum of the loudness of all the harmonics of the
sound. The units of the SC are in Hertz (Hz). Carral (2005) stated that “perceived
brightness of the sound is better correlated to the spectral centroid, rather than to the
normalized version” (p. 52). Following Carral’s expressed preference, SC was chosen by
the author to measure timbre brightness in this present work, as opposed to NSC.
Schubert, Wolfe, and Tarnopolsky (2004) also concluded that SC was a better
predictor of timbre brightness than any adjusted centroid. They commented that the SC is
a good predictor of perceived brightness and that it can be used to measure the brightness
of pitches in orchestral recordings. Schubert et al. also wrote that the SC can be used to
measure brightness of timbre, even within complex textures over a range of pitches and
dynamic levels.
Other Measures for Timbre
Another method described by Beauchamp (2007) for measuring timbre is to
examine the spectral envelope. This was a study of the change in timbre over time from
the attack to the decay of the note. Nonharmonic partials could also be considered.
Beauchamp suggested that these phenomena are associated with the richness of a sound.
One aspect that differentiates timbre within the spectral envelope is the attack.
Carral (2005) pointed out that timbre is affected by transients at the attack of a note. It is
these nonharmonic partials that are specific to an instrument that help make the timbre
unique. Beachamp (2007) referred to this characteristic as attack sharpness which occurs
in the first 20-100 ms of the envelope.
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Another method to measure the timbre of a sound was proposed by Pollard (1982)
where the measure of timbre was divided into three measures. They were: (a) the
amplitude of the fundamental, (b) the amplitude of mid-range harmonics such as the
second, third and fourth harmonics, and (c) the fifth and greater harmonics. By
normalizing these three terms by the total loudness so that they add to unity, one can plot
the higher harmonics versus that of the midrange to produce the tristimulus diagram.
Another approach proposed was to simply measure the amplitude of the root mean square
(RMS) of the sound versus time, but Pollard (1982) stated that this approach has been
shown to be proportional to the NSC versus time and, thereby, provided no more precise
measure of timbre.
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CHAPTER III
METHODOLOGY
Musical Instruments
The materials and methods of this study were selected based on their relevance to
the problem under study. Each material and each technique is discussed, and then the
experiments and terms are defined. The simple harmonic response of the piano string
produces a sound with all overtones equal to multiples of the fundamental frequency of
the note. As such, it offers a way to calibrate the Fourier Transform (FT) results in the
study. The piano used in the study was a 1909 Mason & Hamlin Model A at 5 feet 8
inches in length.
The alto saxophone used for this experiment was the author’s personal horn with
which he has hundreds of hours of performing experience. This alto saxophone is a
Selmer Super Action 80 Series II alto saxophone manufactured in 1987, serial number
series 394XXX. It is shown in Figure 2. This familiarity allows the author to focus on the
different mouthpieces as the sole variable in the tone.
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Figure 2. Selmer Super Action 80 Series II Serial Number Series 394XXX.
The Eb alto saxophone has a pitch range of Db3 to A5, with an altissimo range of
Bb5 to A6. The length of the bore measures 1,062 mm. The narrow end of the truncated
tube measures 12 mm. The bore expands at an angle of 1.6° to 70 mm before flaring at
the bell to 123 mm.
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Reeds
The specific mouthpiece tip and facing dimensions dictates the suitable hardness
of the reed. Reed strengths were auditioned to find the best fit for each mouthpiece. A
new Hemke #3.5 reed manufactured by D’Addario was used for mouthpieces A1 (Dahlke
Virtuoso RS), A2 (Selmer Metal C*), and B1 (Selmer Soloist C*). A new Vandoren #3
Blue Box reed was used for Mouthpieces A3 (Rousseau 4R), B2 (Selmer Metal D), and
B3 (Pomarico 3). A new Vandoren Java #3 Green Box reed was used for the mouthpieces
C1 (Meyer 6), C2 (Wanne NY Bros), and D1 (JodyJazz HR*). A new Vandoren Java
#2.5 reed was used on the mouthpieces C3 (Wanne Fire 6), D2 (Wanne Shiva2 7), and
D3 (Selmer Jazz G). All reeds were soaked for 10 minutes to ensure maximum wetting of
the cane.
X-ray Tomography
To measure both exterior and interior dimensions of the mouthpieces nondestructively, X-ray computer-aided tomography (CT scans) was employed. Computeraided tomography scanning has been used in many areas of industry for internal
inspection of components. Unlike conventional X-ray methods, CT requires that the
object be rotated 360 degrees while being exposed to the radiation so that retardation data
resulting from changes in the material density in the radiation pathway are recorded.
These data can be reconstructed to yield the full geometry of the scanned component, in
this case, the mouthpiece.
Saxophone Mouthpiece Characteristics
The tip of the reed aligns with the tip of the mouthpiece in normal playing
conditions. The reed rests against the flat section of the mouthpiece, called the table. The
reed is held in place by the ligature. Toward the tip of the reed, the mouthpiece curves
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away a bit to allow the opening for air and for the movement of the reed. This point
where the mouthpiece curves away from the flat table is called the break point. The
dimension from the tip of the mouthpiece to the break point is called the facing curve by
Wanne (2016a). He further described short, medium, and long facings. The longer
facings allow more of the reed to vibrate. For the player, this makes the lowest notes
easier to produce. He also wrote that the short facing dampens the lower portion of the
reed, creating an ideal setting for accessing the higher range of the saxophone. Short
facings are also used in conjunction with large tip openings and require softer reeds.
Figure 3 shows the various structure and common nomenclature of the saxophone
mouthpiece. The baffle area is located opposite the reed tip. A large baffle creates a small
area of high pressure at the reed tip and an area of low pressure behind it. The baffle
speeds the airstream, but restricts the flow. According to Wanne (2016d), the baffle is
analogous to placing one’s thumb over the opening of a garden hose. The volume of the
saxophone mouthpiece chamber includes everything underneath the reed. If the reed
moves further from the mouthpiece during oscillations, more volume is created, lowering
the pitch (Almeida, 2013). The interior is divided into two sections. These are the
chamber and the bore, which meet at a juncture called the throat. The chamber of the
mouthpiece is the transition zone between the tip and the bore. The chamber can be a
variety of shapes. According to Benade (1959), the chamber shape directly affects the
timbre of the overall system. Past the chamber lies the bore, shown in Figure 4. This area
is always round, and its sole purpose is to receive the neck cork of the horn. The point
where the bore meets the chamber is referred to as the throat (Willett, 1962).
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Mouthpiece’s Structure
Tip opening
Tip thickness

Tip rail
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Side rails
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Figure 3. Diagram of alto saxophone mouthpiece.

Figure 4. Bore of the alto saxophone mouthpiece.

Table
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The mouthpieces are divided into four groups by similar tip opening. Group A
contains mouthpieces that are considered classical. These are the Dahlke Virtuoso,
Selmer Metal Classic C*, and the Rousseau 4R. Figure 5 below shows a photograph of
the mouthpieces selected for Group A.

Figure 5. Photographic image of mouthpieces A1, A2, and A3.
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Group B contains mouthpieces that could be used for either classical or jazz.
These are the Selmer Soloist C*, Selmer Metal Classic D, and the glass Pomarico 3. A
photograph of the mouthpieces chosen for Group B is shown in Figure 6.

Figure 6. Photographic image of mouthpieces B1, B2, and B3.
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Group C contains mouthpieces that have the same tip opening as a Meyer 6, a
common mouthpiece recommended to jazz students. These are the Phil-Tone Custom
Meyer 6, Theo Wanne NY Bros 7, and the Theo Wanne Fire 6. Figure 7 shows a
photograph of the mouthpieces selected for Group C.

Figure 7. Photographic image of the mouthpieces C1, C2, and C3.
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Group D included larger tip openings that would be used for jazz or popular
music genres. These included the JodyJazz HR* 7M, the Theo Wanne Shiva2 7, and the
Selmer Metal Jazz G. A photograph of the mouthpieces chosen for Group D are shown in
Figure 8.

Figure 8. Photographic image of the mouthpieces D1, D2, and D3.
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Alto Saxophone Mouthpiece Descriptions
The author notes that the small, medium, and large attributes assigned to
mouthpiece components are relative to alto saxophone mouthpieces. In this study, the
baffle is the shape of the surface opposite the reed window. The larger the baffle, the
greater the obstruction to the initial air stream. A high baffle is one that greatly obstructs
the initial airstream. Baffles come in many unique shapes. This study characterized the
baffle shape as high, medium, rollover, flat, or concave.
The chamber shape is affected by the baffle (the shape of the floor) and by the
shape and thickness of the sidewalls. All the mouthpieces in this study have flat
sidewalls. However, the mouthpiece sidewalls vary between models. There are many
possible chamber shapes. For simplicity, this study characterized the shape of the
chamber as the diameter of the sidewalls, as the shape of the baffle is considered
separately. This study characterized a large chamber as the same diameter as the bore.
There were no mouthpieces in this study where the sidewall diameter was greater than the
bore. As the diameter of the chamber sidewalls decreases, the size is characterized as
medium-large, medium, medium-small, and small. The length of the facing varies with
each mouthpiece model. The longest facing in this study is 15 mm, while the smallest is 9
mm.
The tip opening was measured in mm for this study. The largest was 2.20 mm,
while the smallest was 1.45. Mouthpieces usually have tip opening sizes that are
alphanumeric. Manufacturers and shops in the United States keep the old English system
alive and continue to list tip opening measurements in inches. Thus, a tip opening of 1.93
mm is .076.
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Group A
A1--Dahlke Virtuoso RS. The first mouthpiece in Group A is the Dahlke
Virtuoso RS. This upper-echelon, boutique mouthpiece is manufactured in small batches
in the United States with hard rubber supplied by Brad Behn (Dahlke, 2014). One major
benefit of using hard rubber is that the manufacturer can shape a facing and chamber with
incredibly fine detail. The Virtuoso has a small tip opening of 1.45 mm (.057”), has a
facing of 13 mm, a chamber length of 46 mm, and weighs 23 g. This small tip opening
and medium facing allow for good control throughout the range of the horn which is
especially necessary for a mouthpiece intended for classical use. The medium rails taper
to the tip. The straight sidewalls reduce the area from the tip to a narrow, trapezoidal
chamber that transitions smoothly into the bore.
Figure 9 is a CT scan reconstruction of the internal and external geometry of
mouthpiece A1. It shows the inner dimensions of mouthpiece chamber, throat, and bore.
The trapezoidal throat and rounded transition are clear.
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Figure 9. CT scan reconstruction of the internal and external geometry of mouthpiece
A1.
A2--Selmer Metal Classic C*. According to Wanne (2016c), Selmer has been
manufacturing professional-quality mouthpieces in France since 1885. This silver-plated
brass mouthpiece has not changed much since the 1950s, and its CT scan is shown in
Figure 10. It is a simple design and very durable. The rollover baffle and flat sidewalls
lead to a narrow, round throat that abruptly transitions to the larger bore. The Metal C*
has a small tip opening of 1.50 mm (.059”), has a facing of 12 mm, a chamber length of
44.5 mm, and weighs 82 g. The short facing and small tip opening creates a mouthpiece
that is easy to articulate and very responsive. This was the model of mouthpiece played
by Marcel Mule, and it is, therefore, marketed by Selmer for the classical style. However,
Dexter Gordon and John Coltrane both played the Metal Classic on soprano.
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Figure 10. CT scan reconstruction of the external and internal geometry of mouthpiece
A2.
A3--Rousseau 4R. This hard rubber mouthpiece was created in response to
Rascher’s call for a return to historic chamber dimensions as outlined in Wyman’s thesis
(1972). The tip opening is 1.55 mm, and the facing is a very short 9 mm. The Rousseau
has a window length of 33 mm, a chamber length of 47.6 mm, and the weight is 23 g,
which seems to be the standard for hard rubber mouthpieces. The chamber is mediumlarge, as it is close to the same diameter as the bore.
Group B
B1--Selmer Soloist C*. This hard rubber mouthpiece is a modern Selmer Soloist,
redesigned in 2002. According to Wanne (2016c), this model is a reproduction of the
“Soloist Style” model from the 1960s. The chamber features a flat baffle. The flat
sidewalls narrow to a horseshoe-shaped throat, transitioning to a larger bore. The Soloist
C* has a tip opening of 1.65 mm (.065”), has a long facing of 15 mm, a chamber length
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of 46 mm, and weighs 23 g. The facing is longer than the Metal Classic and the Virtuoso.
This allows for more freedom of timbre selection, articulation, and effects. But, all that
extra reed movement causes the pitch to be flat in the lower register.
B2--Selmer Metal Classic D. This silver-plated mouthpiece is very similar to A2,
with the exception that it has a wider tip opening and rounded corners at the tip. The
Metal D has a tip opening of 1.75 mm (.069”), has a short facing of 12 mm, a chamber
length of 44.5 mm, and weighs 82 g. The chamber is slightly smaller than the bore with
an abrupt transition.
B3--Pomarico 3. This crystal glass mouthpiece has a medium chamber. The CT
scan reconstruction of the external and internal geometry is shown in Figure 11. It is
slightly smaller than the bore at the throat. From the figure, one can see that the sides are
narrower than the bore. The distance between the ramp and the floor is the same diameter
as the bore. The baffle is flat. The Pomarico has a tip opening of 1.60 mm (.063”), a
chamber length of 39.7 mm, a short facing of 11 mm, and weighs 23 g. A brass band
surrounds the shank for durability.

44

Figure 11. CT scan reconstruction of the external and internal geometry of mouthpiece
B3.
Group C
C1--Phil-Tone Custom Meyer 6. The Custom Meyer is a modern hard rubber
mouthpiece. This specimen was manufactured by Meyer and refaced by Phil Engleman to
resemble the NY Meyer mouthpiece of the 1950s. He flattens the table and increases the
throat diameter so that it is slightly larger than the bore. He also adjusts the facing and
creates a very thin tip and rails, a characteristic of the NY Meyer (Engleman, 2017). The
Custom Meyer has a tip opening of 1.93 mm (.076”), has a facing of 14 mm, a chamber
length of 44.5 mm, and weighs 23 g. There is a rollover baffle.
C2--Theo Wanne NY Bros 7. This hard rubber mouthpiece is manufactured to
be an improved version of the Meyer. Wanne (2016e) uses his own hard rubber sourced
to have the same qualities as the mid-century material. The medium chamber seamlessly
transitions to the slightly larger bore at the throat. There is no sudden change in diameter.
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The sidewalls are flat, but recessed from the table. This leaves a slight lip. The author
suggested that this is a way to mimic the hand-made curved walls of the vintage Meyer
by using a machining technique. The window is very wide, and the rails are thin, tapering
to the ultra-thin tip. There is a brass-alloy ring on the shank for vintage effect. The NY
Bros has a tip opening of 1.93 mm (.076”), has a facing of 13 mm, a chamber length of
47.6 mm, and weighs 28 g. The additional weight is due to the metallic band on the
shank. Please note that the Theo Wanne NY Bros 7 tested had a measured tip opening of
1.93 mm; that is the same as the Meyer 6. There is a rollover baffle. Figure 12 shows a
CT scan reconstruction of the external and internal geometry of the C2 mouthpiece. The
rollover baffle is clearly visible as is the gradual transition from the chamber to the bore.

Figure 12. CT scan reconstruction of the external and internal geometry of mouthpiece
C2.
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C3--Theo Wanne Fire 6. This gold-plated brass mouthpiece is marketed as
having a bright and edgy timbre for popular music (Wanne, 2016f). The straight
sidewalls are thick, creating a small chamber that tapers inward before a rounded
transition to the bore. The thick rails create a narrow window that is 33 mm in length.
The baffle is high and pronounced. The Fire has a tip opening of 1.93 mm (.076”), has a
facing of 13 mm, a chamber length of 33.5 mm, and weighs 79 g. The facing is 13 mm,
which is medium.
Group D
D1--JodyJazz HR* 7M. This modern hard rubber mouthpiece was manufactured
by JodyJazz and resembles a vintage Meyer in design. The thin, straight sidewalls taper
to the tip, creating a medium chamber which has an abrupt transition to the bore. The
HR* has a tip opening of 2.10 mm (.083), a window length of 34 mm, a chamber length
of 41.3 mm, and has a long facing of 15 mm.
D2--Theo Wanne Shiva2 7. This marbled hard rubber mouthpiece is marketed as
having a bright and edgy timbre for popular music (Wanne, 2016f). The straight
sidewalls are thick, creating a small chamber which tapers inward before a rounded
transition to the bore. The thick rails create a narrow window which is 33 mm in length.
The baffle is high and pronounced. The Shiva 2 has a tip opening of 2.05 mm (.081”), has
a short facing of 12 mm, a chamber length of 46 mm, and weighs 28 g. The additional
weight is due to a metallic band on the shank.
D3--Selmer Jazz G. Like the Metal Classic, this silver-plated brass mouthpiece
has kept the same design for the past 60 years. The rollover baffle and flat sidewalls lead
to a narrow, round throat that curves as it transitions to the larger bore. A CT scan
reconstruction of the mouthpiece is shown in Figure 13. The Metal Jazz G has a large tip
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opening of 2.20 mm (.087”), has a short facing of 11 mm, a chamber length of 44.5 mm,
and weighs 94 g. The short facing and large tip opening create a mouthpiece that is
responsive and projects very well. easy to articulate, and very responsive. Paquito
D’Rivera famously plays on a Selmer Metal Jazz mouthpiece.

Figure 13. CT scan reconstruction of the external and internal geometry of mouthpiece
D3.
Summary of Mouthpiece Descriptions
Specifications of four groups of mouthpieces were examined for this study. All
alto saxophone mouthpiece measurements are shown in Table 1 for comparison.
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Table 1
Alto Saxophone Mouthpiece Specifications as Tested (Names are given is Figures 5-7):
Chamber
(mm)

Window
(mm)

Facing
(mm)

Tip
(mm)

Weight
(g)

A1

46

33

13

1.45

23

Hard rubber

A2

44

33

12

1.50

82

Silver-plated
brass

A3

47

33

9

1.55

23

hard rubber

B1

46

32

15

1.65

23

hard rubber

B2

44

34

12

1.75

82

Silver-plated
brass

B3

40

33

11

1.60

54

glass crystal

C1

44

32

14

1.93

23

hard rubber

C2

48

33

13

1.93

28

hard rubber

C3

33

33

13

1.93

79

gold-plated
brass

D1

41

34

15

2.10

23

hard rubber

D2

46

33

12

2.05

28

hard rubber

D3

44

32

11

2.20

94

silver-plated
brass

Mouthpiece

Material

Performance Characteristics
According to Dunscomb and Hill’s Jazz Pedagogy: The Jazz Educator’s
Handbook and Resource Guide (2002), jazz ensemble directors should encourage
students to make decisions on what mouthpiece to play based on personal preference and
unique playing situation. They further stated that the student should avoid impulsive
choices even though some great players used the same brand.
One goal of this thesis was to educate both students and educators on how a
specific mouthpiece can assist in the tone production and how to quantify it. This thesis
also gave quantified data to assist in the advice of what mouthpieces are appropriate. As
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all the alto mouthpieces in this study had various dimensions and materials, it resembles
the real dilemma faced by saxophonists attempting to choose a mouthpiece. This section
gives performance impressions from the author. The author notes that, prior to this study,
his usual mouthpieces were the Selmer Soloist C* and the Meyer 6, customized by PhilTone. This section is the author’s assessment of how the different mouthpiece designs
work and how they affect the performance from his personal experience.
Group A
A1 Dahlke Virtuoso RS. The Virtuoso is an interesting mouthpiece to play.
Borrowed for this study, it likes to play clean and nice, and it blends very well. The
Virtuoso readily plays in tune. The facing was made with meticulous attention to detail.
Articulations are easy without any strange partials. The medium chamber creates a
moderate brightness with a great deal of control. The unique concave baffle provides
more backpressure than other classical pieces, and it does not have as much flexibility
toward the wild side as some others. This is a mouthpiece with manners that will be
appreciated in any classical ensemble. However, it is noted that the Virtuoso RS costs
three to seven times more than the other mouthpieces in Group A or B.
A2 Selmer Metal Classic C*. The Metal Classic series fits a bit differently in the
embouchure than the hard rubber Selmer C*. It was purchased new for this study. The
articulation is a bit tricky to not create chirping partials. The bright, flexible timbre is like
riding a racing motorcycle. It has power, which can reduce control. It takes a good skill
set and keen sensitivity to control this mouthpiece. The Metal C* was famously played
by Marcel Mule and Frederick Hemke. It is currently played by David Dees at Texas
Tech. The author heard his performance at the 2017 NASA convention, and he sounded
outstanding.
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A3 Rousseau 4R. The 4R was purchased new for this study. As noted earlier,
Eugene Rousseau (1972) was a classical saxophonist who found fault with the chamber
profile found in the Selmer Soloist. By building a mouthpiece with a larger chamber and
a short facing, Rousseau created a mouthpiece that has more backpressure than average.
However, with a lightly tipped reed, it works. The very short 9 mm facing reduces any
timbre or pitch flexibility by modulating jaw pressure. Like the Dahlke Virtuoso, this
mouthpiece has manners and does not have much of a wilder side. Unlike the Dahlke, the
4R has little timbre presence. It is too muted. In the opinion of the author, Adolphe Sax
wanted his Saxophone to be noticed, and the mouthpiece should allow it to do so.
Group B
B1 Selmer Soloist C*. The Soloist was purchased new in 2011 to be used as a
classical mouthpiece for solo work. During performances, it has blended well in both
wind ensembles and orchestras. With its medium chamber and slight rollover baffle, the
Selmer Soloist has both the ability to create a fine tonal presence and the flexibility to get
off the beaten path. It is not as difficult to control as the Metal C*, but it can still make a
big impact. Some care must be taken when attempting to blend with a clarinet or oboe.
However, this mouthpiece has the power to compete with the brass or to sound a bit jazzy
or pop as so often the saxophone is required to perform even in classical music. Care
must also be taken with intonation. The long 15 mm facing which allows this great
flexibility in timbre can also affect pitch.
B2 Selmer Classic Metal D. The larger tip opening on the Metal D darkens the
timbre a bit. However, this mouthpiece remains a flexible platform for either classical or
jazz. In the latter genre, the timbre would be like that of Paul Desmond. The medium
chamber and rollover baffle allow the same pitch and tonal flexibility as with the other
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Selmer mouthpieces in this group. Another benefit to silver-plated brass is incredible
durability. This type of mouthpiece can withstand abuse. The Achilles heel of Selmer
mouthpieces is that the facing quality can be inconsistent from one mouthpiece to
another. There is not as great a quality control as with the boutique brands. This
particular Selmer Metal D was a used mouthpiece purchased for this thesis, and it could
have benefitted from a refacing. Various sizes of Selmer Classic Metal mouthpieces were
used by jazz greats.
B3 Pomarico 3. The glass crystal Pomarico was a new mouthpiece purchased for
this thesis. It is mellow and unassuming. The flat baffle does not produce any zip. The
short facing of 11 mm does not allow much tonal or pitch flexibility. Pomarico has
manners similar to those of the 4R, although it plays better throughout the range of the
horn. Its facing is not as well made as the Virtuoso, so the articulation suffers a bit. This
mouthpiece would be comfortable in an orchestral setting. Keeping this glass material
free of chips and scratches could be challenging. It will not survive being dropped. Thus,
it is not a good choice for a student.
Group C
C1 Phil-Tone Custom Meyer 6. The Phil-Tone Custom Meyer is a fine
mouthpiece with a professional quality facing. It articulates and responds well to input. It
was purchased by the author in 2014 to use in a large jazz ensemble setting. The timbre is
on the darker side, but there is a great deal of flexibility. It tends to be darker in the lower
register and has the capacity to be loud and proud in the top of the horn. The Custom
Meyer is very flexible. It allows the performer to blend in a jazz ensemble section or be
noticed as a soloist. This would be a great mouthpiece for a student or pro in a jazz
ensemble or combo setting.
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C2 Theo Wanne NY Bros 7. The NY Bros was purchased new for this thesis,
and it has become a new favorite of the author. As the name suggests, Wanne attempted
to create a mouthpiece that closely resembled the playing characteristics of the 1950s
Meyer Brothers and Meyer NY mouthpieces. The author notes that this tested
mouthpiece is marked as a 7, but its tip measured at a 6. In this way, it plays very much
like the mouthpiece C1 (Meyer 6). The facing is very well made with a fine attention to
detail. Articulation and tone flexibility are both excellent. It can also blend or solo. This
is also a great mouthpiece for a student or pro in a jazz ensemble or combo setting.
C3 Theo Wanne Fire 6. As the data show, this is a very bright mouthpiece. As
the name suggests, it is not for the faint of heart, nor is it for classical use. The baffle
creates an easy-blowing mouthpiece with very limited backpressure. This mouthpiece
screams loud and proud. It is not a mouthpiece to blend in any sort of section other than
pop, rock, or funk. Additionally, it is difficult to control the intonation and is not suitable
for a beginning student. The Fire was purchased for this thesis, and it seems well made
with good attention to detail.
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Group D
D1 JodyJazz HR* 7M. Along with C1 and C2, this mouthpiece also shares many
traits with the 1950s era Meyer. The JodyJazz HR* mouthpiece also has a professional
quality facing with good attention to detail. The author purchased this mouthpiece in
2015 to use in a large jazz ensemble setting, and it worked very well. The intonation is
decent. It has good articulation and some tonal flexibility, although it produces a darker
timbre and has the potential for a student to blend better than the other two. The price
point is also much lower than the other two, making this mouthpiece very suitable for a
student in a jazz ensemble section or a first jazz mouthpiece. This mouthpiece has the
capacity to work in many different genres and settings. It may also be possible to blend in
a classical section with the smallest available C* facing.
D2 Theo Wanne Shiva2 7. The Shiva was purchased for this thesis out of
curiosity. This mouthpiece is marketed as being “very powerful” and having “tons of
power” by Wanne (2016f). As the data show, it is very bright. The uniquely shaped small
chamber produces very little back pressure and a great deal of volume at the same time.
This mouthpiece would likely shine in the genres of pop, funk, and rock. It is difficult to
control, and the intonation of the upper register gets very sharp. The author would like to
try a larger tip opening. This mouthpiece does not blend in a large jazz ensemble section,
nor is it suitable for a student in that setting.
D3 Selmer Jazz G. The author is a big fan of Paquito D’Rivera and purchased
this mouthpiece in 1994 to copy his tone. Since then, the Jazz G has served in jazz
combos and pop/funk bands. The medium baffle offers projection without sacrificing
control. The short facing also assists with control, although it is stuffy on the very bottom
as noted by Wanne (2016c). The intonation is a bit more difficult to control than the
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Meyer-type mouthpieces, but it is manageable. There is a good deal of tonal flexibility,
but it will not blend well in a large ensemble section. It is probably not suitable for most
alto sax students. This mouthpiece is loud and proud, especially in the upper register.
Pitch Selection for Study
Carral (2005) noted that timbre changes throughout the range of the instrument.
Therefore, the pitches were selected to be representative of the four unique tonal registers
of the alto saxophone. Db3 is the written Bb3 for alto saxophone, as it transposes to the
major sixth. This is the lowest pitch that can be produced by the horn without any
modification. This pitch is representative of the lowest notes. They are characterized by
expressing the first two or three harmonics at a greater amplitude than the fundamental.
Benade and Lutgen explained that this strange phenomenon is due to the low, long waves
bouncing back at the bell, where the smaller, energetic harmonics escape (1988). The
timbre of this section is difficult to control due to the high impedance, the ease at which
the second mode can be expressed with the same fingering, and the flat amplitude of the
first three to four harmonics. This range of the horn is loud, honky, and intense. A
pianissimo low Bb is very difficult for a performer to achieve.
The second pitch chosen for this experiment was Db4, a written Bb4 for the alto
saxophone. This pitch is expressed by depressing only the first finger and the small bis
key. It is also common to use the A fingering of two LH fingers and the lower RH side
key. The alternate fingering for use only in fast passages due to tuning issues is first
finger LH and first finger RH, also known as one and one. As opposed to its harmonic
neighbor, this note radiates all wave sizes easily with a low impedance due to all the open
keys. For this reason, the timbre of this middle range in the horn is lower in dynamic and
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projection than the rest. A fortissimo Bb4 is difficult to achieve without overblowing and
disturbing the tuning.
The Ab4 is the written F5 for the alto sax. This is one half-step away from the
A440 tuning pitch. The F5 is in the lower half of the second mode of the horn. The lower
octave key is well positioned to emphasize the second mode of this fingering: three
fingers on the LH and first finger on the RH; and the LH thumb depressing the octave
key, making it easy to play loudly or softly as needed. This note also has more flexibility
than the lower tones by the performer for timbre, intonation, and dynamic.
The fourth pitch selected was Db5, written Bb5 on the alto saxophone. This is
fingered the same as the Bb4 an octave below with the addition of the thumb depressing
the octave key. This time the octave key mechanism lifts the upper vent on the neck of
the horn. This excites the second mode of the fingering, creating a strong fundamental.
This pitch has an even greater tonal and timbre flexibility than the F5 (concert Ab4). This
note can split the head of the person sitting in front of the alto in wind ensemble, or it can
be subtle and hidden under the oboe. The leeway in tuning and tonal flexibility make this
pitch difficult for beginners to control consistently.
An argument could be made to consider more pitches to better model the 33
possible standard pitches on the alto saxophone and the 12 additional pitches in the
altissimo mode. Certainly, that would be appropriate for a follow-up project in the future.
For this project, the author kept the pitch number smaller in order to compare more
variables such as 15 mouthpieces and four different ligatures.
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JodyJazz Tenor Saxophone Mouthpiece Study
For this project, several mouthpiece manufacturers were contacted. Jody Espina
of JodyJazz offered to create three mouthpieces for a tenor saxophone (Selmer Mark VI,
Serial Number 163981, tip opening of 0.1035 inches) of identical geometry, but of
different materials, for experimentation at the JodyJazz facility in Savannah, Georgia.
Although it is common in science and engineering for a private corporation to fund
academic research, no compensation was received from JodyJazz for this work. The
mouthpieces for this experiment have remained the property of JodyJazz after the
acoustical spectra data were taken by the author using the above tenor saxophone. While
the three mouthpieces were manufactured from three different materials (aluminum,
polycarbonate, and hard rubber), the external and internal geometries of the mouthpieces
were identical. However, the author was unable to measure these dimensions and,
therefore, the data for the JodyJazz mouthpieces were not included in the overall data
analysis. Rather, the trends observed were discussed and the influence of material type
assessed. Pitches selected for the tenor mouthpiece study were concert pitches Ab2, Ab3,
Eb4, and Ab4. The tenor saxophone transposes to the M9, thus the resulting written
pitches are Bb3, Bb4, F5, and Bb5.
Ligature Study
The physical role of the ligature is to firmly hold the reed in place. While the
author sought to eliminate variables in the study, the need to have a ligature that
effectively fit each mouthpiece well ruled out using a single type. With a lack of a
quantitative studies on how the ligature affects timbre, this seemed to be an area ripe for
inspection. The study comparing the resulting spectral centroid (SC) of specific ligatures
is presented in Chapter IV. Figure 14 shows the six ligatures studied, top row left to right
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and bottom row left to right: (a) Rovner Eddie Daniels (Versa)--V-1RL(A); (b)
Woodstone brass; (c) Theo Wanne Enlightened; (d) Rovner Dark--1RVS; (e) Selmer
silver-plated brass; and (f) Theo Wanne gold-plated brass.

Figure 14. Photographic image of the ligatures.
Rovner Eddie Daniels (Versa)--V-1RL(A)
This ligature was used in the general mouthpiece studies in both rooms for the
hard rubber mouthpieces and for the glass crystal: A1, A3, B1, B3, C1, C2, C3, D1, D2,
and D3. It was used with the metal plate in place and the vinyl flaps in place between the
metal plate and the reed. It should be noted that the Eddie Daniels model used for the
study is analogous to the contemporary Versa model.
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Woodstone Brass
This ligature was tested in comparison to the Rovner Versa in Chapter IV. In the
experience of the author, the Woodstone ligature is highly sought after in the current
market, and it is notoriously backordered. Woodstone is a brand manufactured by
Ishimori. The company website has a graph showing the brightness and resistance traits
of each ligature material. It lists the brass with gold plate as bright, while the copper with
brushed satin as dark with the most resistance.
Theo Wanne Enlightened
This ligature was tested in comparison to the Rovner Versa and the Woodstone on
mouthpiece D2. The Wanne website claims that this ligature provides superior resonance
(Wanne, 2016g). It appears to be composed of plated brass. The pressure plate is screwed
down onto the reed. This design appears less likely to crush the reed, which in the
opinion of the author, can be an issue with metal ligatures.
Rovner Dark Ligature--1RVS
This ligature was used for all the Selmer metal mouthpieces in the general
mouthpiece study in both rooms: A2, B2, and D3. It fits them well and holds the reed
tightly without crushing any xylems. More importantly, the Rovner grips the mouthpiece
well. It remains in place during tight tuning adjustments. It is very easy to ensure that the
reed is on straight and held down with a homogenous force. This is very important for
smaller tip openings where little changes make a huge difference.
Selmer Silver-plated Brass
This ligature was tested in comparison to the Rovner Dark on mouthpieces A2
and B2. The resulting data is presented in Chapter IV. This is the standard ligature that
Selmer issues with its metal mouthpieces. It has two screws on the reed side and is made
of silver-plated brass. The two issues that the author has noticed with this ligature is that
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it can move when adjusting the mouthpiece for tuning, and it can crush the xylems of the
reed as metal is stronger than cane.
Theo Wanne Two Rail Ligature
This tiny ligature was issued with mouthpiece C3 (Theo Wanne Fire 6), and it fits
well. It was used on mouthpiece C3 for all testing in both rooms. This ligature,
manufactured by Theo Wanne, seems to be composed of plated brass.
Decibel (dB)
Named for Alexander Graham Bell, a decibel is defined as 1/10 of a Bell and was
historically used to express signal loss in telephone lines and circuits (Johnson, 1949). In
acoustics, the decibel is a unit for expressing the ratio of two amounts of acoustic signal
power equal to 10 times the common logarithm of this ratio (IEEE, 2000). Another
characteristic measure of amplitude within a digital audio system is the “decibel relative
to full scale” (dBFS). This is a system-dependent measure. The level 0 dBFS is the
maximum possible amplitude level of the specific digital system. Therefore, all numbers
expressed in dBFS are always negative. (Price, 2007)
SpectrumView 2.3
The software used for frequency analysis in this study was SpectrumView 2.3
Audio Spectrum Analysis Application, a product of Oxford Wave Research Ltd.,
Company Number: 07492663, registered in England and Wales. SpectrumView 2.3
provides a visual representation of the amplitude of various pitch harmonics. In the
musician’s terms, it filters the acoustic signal and shows the various audible harmonics in
the mix. This application uses the Fast Fourier Transfer method to digitize the mixture of
the sound waves. It provides the frequencies measured in Hz along with all its overtone
amplitudes on the dBFS over time.
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There are two possible views. In Spectrogram view, the X axis is time, the Y axis
is frequency (Hz), and the amplitude (dBFS) is given using intensity of color. The second
view is the Spectrum Analyser. In this view, the X axis is frequency (Hz), and the Y axis
is amplitude (dBFS). Both views are easy to capture by taking a snapshot of a moment in
time. The app allows a “peak hold” by tapping the screen with two fingers.
The audio sample rate must be twice the possible frequency. Therefore, the
sampling rate was up to 20 kHz. The max rate was 48 kHz. However, harmonics above
10 kHz were expressed at a decibel well below the level of the ambient room noise and
were, thereby, neglected. The peak level of human hearing is in the range of 1 kHz to 5
kHz.
The automatic gain control was turned ON. Order (number of samples) was set at
12. This was expressed as 212, which was 4,096 samples. The Spec. Analyser FFT frames
averaged was set at 45. A higher number here assisted with stabilizing the peak
harmonics for measurement. This gives the average harmonic spectrum. Carral (2005)
noted that taking a reading on the average harmonic spectrum over time negates some of
the variables such as position of the instrument to the microphone, the position of
furniture in the room, variation of the performer, and variation of the room size and
configuration. The latter was tested, and results will be discussed in Chapter IV. The
Spectrogram gain was set to 0 dB. There was no need for extra sensitivity. The reading
was clear. The fixed frequency axis ticks are OFF; this holds grid lines in place during a
zoom. It is merely preference for clarity. The logarithmic scale was set to OFF.
Analysis of Sound Spectra
The common way to compare the amplitude of harmonic overtones is with a
spectral analysis where the horizontal (X) axis is frequency in Hertz (Hz), and the vertical
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(Y) axis is amplitude in decibel below full scale dBFS. The result is known as the
frequency spectrum. These charts may also show the amplitude of non-harmonic partials
as was the case with the data sets in this study. The spectral analysis of these pitches for
timbre is not dependent on time or phase (Carral, 2005). Therefore, a sample of the sound
spectra was sufficient.
Figure 15 shows the frequency spectrum of a Db4 played on the piano. The
amplitude of the overtones as they decrease with frequency in a linear fashion should be
noted. Although there are an infinite number of overtones, only the first 13 have any
significant amplitude in this example.

Figure 15. Spectral analysis of Db4 played on a piano.
Figure 16 shows a frequency spectrum of a Db4 on an alto saxophone with
mouthpiece B1. Overtones in the peak range of human hearing (1 to 5 kHz) are audible.
These audible overtones reflect a rich, complex timbre. Also notice the low level of
nonharmonic partials which are mostly homogenous through the range. In contrast to the
frequency spectrum of the piano note Db4 shown in Figure 15, the non-acoustic
overtones of the saxophone are prevalent throughout the spectrum, from 0 Hz to 8000 Hz
(note that the amplitude of the overtones decreases asymmetrically with frequency).
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There are peaks in the non-harmonic partials at 2,800 Hz and at 4,400 Hz, both within the
peak range of human hearing (1 to 5 kHz) and are audible. However, the overtones
quickly decrease, and the nonharmonic partials quickly decrease after 4,400 Hz.

Figure 16. Spectral analysis of Db4 played with mouthpiece B1.
Figure 17 shows a frequency spectrum of a Db4 produced on the alto saxophone
with mouthpiece B2. The figure illustrates that the amplitude of the overtones decreases
asymmetrically with frequency, and then drop significantly after the sixth harmonic.

Figure 17. Spectral analysis of Db4 played with mouthpiece B2.
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Computing the Spectral Centroid
Consider a sound with the following characteristics: fundamental frequency of
440 Hz and amplitude of -26 decibel (dBFS); first harmonic frequency of 880 Hz and
amplitude of -30 dBFS; second harmonic frequency of 1320 Hz and amplitude of -33
dBFS; and third harmonic frequency of 1760 Hz and amplitude of -36 dBFS. To evaluate
the amplitude of the sound in non-exponential form, one must investigate the definition
of the decibel. The amplitude of -26 dBF is 10 raised to the -1.3 power, or 0.0501.
Similarly, the amplitudes of -30, -33, and -36 are 0.0316, 0.0224, and 0.0158,
respectively. One can calculate the normalized spectral centroid (NSC) and the spectral
centroid (SC) for this sound as follows. The numerator of the ratio for NSC is thus:
(0.0501)(1) + (0.0316)(2) + (0.0224)(3) + (0.0158)(4) = 0.2437. The denominator of the
ratio is the sum of the amplitudes: 0.0501 + 0.0316 + 0.0224 + 0.0158 = 0.1199. Thus,
the NSC is simply the ratio of the two numbers, or 0.2437 divided by 0.1199 or 2.032.
In contrast, the SC is the product of the frequencies and their relative loudness
amplitudes. For the sound described by the fundamental and first three harmonics of
loudness amplitude 0.0501, 0.0318, 0.0224, and 0.0158, the numerator is (0.0501)(440) +
(0.0318)(880) + (0.0224)(1320) + (0.0158)(1760) = 107.40. Thus, the SC for this sound
is 107.40 divided by the sum of the loudness amplitudes of 0.1199 for a value of 895.8
Hz. The SC of the sound with the characteristics described as consisting of a harmonic of
440 Hz, a first harmonic of 880 Hz, a second harmonic of 1320 Hz, and a fourth
harmonic of 1760 Hz is located very near the first harmonic of 880 Hz. The
SpectrumView 2.3 software records the harmonic levels into a .csv file that is accessible
either through MSExcel or Matlab. This file is then read by Matlab which charts the peak
levels and computes the SC and NSC. The Matlab code is included in Appendix C. An
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example of the data for a single test is in Figure 18. The frequency of the sample is
indicated in the left column, while the amplitude is shown in the right column in units of
dBFS.

Figure 18. Screenshot of FFT data.
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Physical Measurements
The author gathered the fundamental information for each mouthpiece. First, the
tip dimension was measured with a micrometer specifically designed for measuring
saxophone mouthpieces. Next, the window and facing dimensions were measured with a
simple glass ruler. Following this, each mouthpiece was weighed on a scale. Figure 19
shows the micrometer for measuring the tip, and it shows the scale to the right. Purdue
University graciously CT scanned several of the mouthpieces for this thesis using
computer-aided tomography. This reveals the interior and exterior shape of the
mouthpiece. Those scans are included with the mouthpiece descriptions.

Figure 19. Micrometer for measuring the tip; scale.

66
Recording Environment
Benade and Lutgen (1988) stated that utilizing a typical performance space for
measurements gives a much better picture of the acoustical performance than in an
anechoic chamber because this better replicates the human ear perception in the real
world. It could also be interesting to consider the timbre of the instrument in more than
one environment. Therefore, two different rooms were used for the recordings of timbre.
The smaller room was an office typical of a faculty member of a music
department where applied lessons take place. The dimensions were 12’ x 16’ with a
height of 9’. There was carpet on the floor, and the ceiling was acoustical tile. One wall
had a large, glass window. This was to the back of the performer. The author positioned
the microphone at the midpoint between the 15’ wall and 6’ from the 12’ wall. The
author stood 1m from the microphone and angled to the left about 30 degrees to allow
good radiation from the right side of the horn.
The large room was a typical lecture room with the dimensions of 36’ x 48’ with a
ceiling height of 12’. There was carpet on the floor, and the ceiling was acoustical tile. As
in the small room, the author positioned the microphone at the midpoint between the 46’
walls and 14’ from the wall of 36’ and 14’ in height. For each mouthpiece, the author
played concert pitches: Db3, Db4, Ab4, and Db5. The recording session for each room
was taken in an uninterrupted session.
An external Yeti microphone with 3 condensers, which is produced by Blue
Designs, was connected via USB to a MacBook Pro running Garage Band. The settings
for both are included in Appendix A.
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Measurement of Sound Spectrum
This recording was exported into an mp3 file to iTunes. Each pitch on the mp3
file was analyzed by the SpectrumView 2.3 application, loaded on an iPhone 6. The
specific settings for the SpectrumView 2.3 are detailed in Appendix A. Each pitch was
played through the software. Because the software automatically averages the spectrum,
only one sample was required per pitch. The track was paused, and both a picture and
data sample were taken from the same exact place in time. While it is expected that signal
compaction by the mp3 system and frequency response of the iPhone 6 microphone
modify the spectral properties of the sound, the availability of these systems to the
musician made their choice a pragmatic one.
The data files were transferred to the MacBook Pro and run through a Matlab
program which plotted the data for peak amplitude levels and calculated the NSC and the
SC. This is shown in Figures 20 and 21. The Matlab program is shown in the Appendix
C. It should be noted that the resulting Matlab graphs were important for checking the
accuracy of data. However, the graphs were not included in this thesis as they showed the
same data as those of the SpectrumView 2.3 software.
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Figure 20. Using the MATLAB program.

Figure 21. The graph from the MATLAB program: FindPeaks.
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CHAPTER IV
RESULTS
Repeatability of the Spectral Analysis Data
In the large lecture room described earlier, two mouthpieces were played 10 times
each through the four pitches described in Chapter III, using the same procedure
described there. The two mouthpieces were the Selmer Soloist C* and the Theo Wanne
NY Bros 7 (see Chapter III). These recordings were measured using the same
proceedings as described in Chapter III. The spectral centroid and the NSC were taken
using the same procedures discussed in Chapter III and compared. For the 10 trials, the
minimum, maximum, and average SC of the group were recorded. The percent difference
of the minimum and maximum was recorded using the formula: (Max SC – Min
SC)/(Max SC + Min SC).
The average SC, maximum, minimum, and percent difference from the average
for each of the pitches on the Selmer Soloist C* is shown in Table 2. The primary outlier
is the percent difference of the Db5 at 17%. This was likely due to the input from the
performer. Almeida (2013) showed that inputs from jaw pressure have a significant effect
on the impedance. The long facing of the Selmer Soloist C* and slight rollover baffle
allowed for a brighter tone and greater flexibility of timbre. The high register of the alto
saxophone is flexible as well, which was discussed in greater detail in Chapter III. It
should be noted that the percent difference of the average is calculated as: (910.19 –
772.76 )/(910.19 + 772.76). The average SC, maximum, minimum, and percent
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difference from the average for each of the pitches on the Theo Wanne NY Bros 7 is
shown in Table 3.
Table 2
Percent Difference of Spectral Centroid on the Selmer Soloist C*
Pitch

Db3

Db4

Ab4

Db5

Average SC

790.63

693.46

804.14

1023.54

827.94

Max SC

844.49

773.37

896.53

1224.30

910.19

Min SC

718.48

575.53

752.08

858.04

772.76

% Difference

8

14

9

17

Average

8

Table 3
Percent Difference of Spectral Centroid on the Theo Wanne NY Bros 7
Pitch

Db3

Db4

Average SC

747.27

Max SC
Min SC
% Difference

Ab4

Db5

Average

719.20

920.92

1,041.778

857.29

847.04

781.94

1,001.80

1,255.40

922.16

607.30

629.23

764.30

950.69

769.53

16

11

13

14

9

The greatest difference in SC was with pitch Db3 at 16%. Pitch Db5 had a
difference of 14% and Ab4 had a difference of 13%, while Db4 had the least amount of
difference at 11% over 10 recordings. Again, this was likely due to the input from the
performer. A larger tip opening reacts to jaw pressure creating a larger range of possible
pitch timbre. This difference showed that mouthpiece C2 was a very flexible mouthpiece
with a range of timbre possibilities. Again, the average SC levels, showing the entire

71
range, had a difference of only 9%. This showed that the methodology is accurate to an
average of 10%, while the mouthpiece tested was very flexible.
Influence of Room Size on Spectral Centroid data
The average of the SC data taken from 4 pitches and 12 mouthpieces is presented
in Figure 22. There we see the average SC data for each mouthpiece in the large, lecture
room. Note that the maximum value was for C3 at 1622 Hz, while the minimum value
was for D3 at 863.0 Hz. In Figure 23 we see the average SC data for the office. There the
maximum value was also for D3 at 1843.8 Hz, and the minimum value was for B3 at 862
Hz.

Figure 22. Lecture room spectral centroid average data.
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Figure 23. Office spectral centroid average data.
The percent difference (difference/sum) in the values for each mouthpiece was
determined, and they are seen in Figure 24 where it is shown that there are four
mouthpieces that had a percent difference of greater than 10%. These were C3 at 24%,
D3 at 23.5%, B3 at 20.2%, and A2 at 14.5%. It is interesting to note that none of the
mouthpieces in this set (C3, D3, B3, A2) are comprised of hard rubber.
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Figure 24. Percentage difference in spectral centroid comparing a small and large room.
As described in detail in Chapter III, mouthpiece A2 was the Selmer Metal
Classic C*, made of silver-plated brass; A2 had a tip opening of 1.5 mm and a facing of
12 mm. It was the only mouthpiece of the 12 to exhibit a greater average spectral centroid
in the large room as compared to the small room. In this aspect, it was an outlier.
Mouthpiece B3 was the glass crystal Pomarico 3. As described in Chapter III, the
Pomarico had a tip opening of 1.6 mm and a short facing of 11 mm. Mouthpiece D3 was
the silver-plated brass Selmer Jazz G. As described in Chapter III, it had the largest tip
opening of the group at 2.2 mm and had a short facing of 11mm. Wanne (2016c) stated
that the Selmer Jazz F, G, and H models suffer from a short facing which stifles the low
register. These data show that the Selmer Jazz G had the second largest difference in
average SC between the two rooms.
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Mouthpiece C3 was the Wanne Fire 6. It had a medium tip opening of 1.93 mm
and a medium facing of 13 mm. This mouthpiece was very flexible by design. Also, the
author found this mouthpiece to be difficult to control.
In summation, there was no percent difference greater than 10% for 8 of the 12
mouthpieces. However, 4 mouthpieces did show a significant sensitivity to the change in
venue, and 2 of the 4 had short facings. All 4 were made from a material other than hard
rubber (1 glass, 1 gold-plated brass, and 2 silver-plated brass). One could conclude that
mouthpieces made with a combination of hard rubber and a medium facing allow for a
more consistent performance in varying performance spaces.
Comparison of Tenor Saxophone Mouthpiece Material
As mentioned earlier, there continues to be significant debate in the saxophone
community about the role of material in sound timbre. To investigate the influence of
material alone requires that mouthpieces of identical geometry be fabricated of dissimilar
materials and tested for timbre through the spectral centroid measure. JodyJazz provided
the author with three tenor saxophone mouthpieces that met this requirement.
Each mouthpiece had the identical tip opening of 3.31 mm (0.1035”). They also
had identical facings and chamber shapes. Mouthpiece T1 was manufactured from hard
rubber. Mouthpiece T2 was manufactured from polycarbonate, and mouthpiece T3 was
manufactured from aluminum. One trial of four pitches was carried out on each of the
mouthpieces. These were concert pitches Ab2, Ab3, Eb4, and Ab4, corresponding to the
written Bb3, Bb4, F5, and Bb5 on tenor sax as it transposes to the major ninth. The SC
data for those pitches are described and displayed here.
The average SC for pitch Ab2 shows that the aluminum T3 mouthpiece had the
greatest SC level of 1278 Hz. The hard rubber T1 mouthpiece had an SC level of 1212
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Hz, and the polycarbonate T2 mouthpiece showed an SC level of 1154 Hz. The
difference of the low 1154 and the high 1278 was 10% (Figure 25).

Figure 25. SC of Ab2 for T1, T2, T3.
The average SC for pitch Ab3 is shown in Figure 26. The aluminum mouthpiece
T3 had the highest SC level of 1263 Hz. This was followed by the polycarbonate T2 at
1199 Hz and the hard rubber T1 with an SC level of 1159 Hz. The difference between the
low 1159 and the high 1263 was 9%.
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Figure 26. SC of Ab3 for T1, T2, T3.
The average SC levels for pitch Eb4 on the tenor saxophone is shown in Figure
27. Mouthpiece T2 had the highest SC of 1409 Hz. Mouthpiece T1 had the second
highest level of 1304 Hz. The lowest SC level was produced by the aluminum
mouthpiece, T3, at 1216 Hz. The difference between the low 1216 Hz and the high 1409
Hz was 16%. This was the only pitch that showed a difference of greater than 10%.
However, a difference of 16% is in keeping with the rate of repeatability study at the
beginning of this chapter.
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Figure 27. SC of Eb4 for T1, T2, T3.
Figure 28 shows the average SC levels for pitch Ab4 on the tenor saxophone. The
aluminum T3 had the highest SC level at 1423 Hz. The polycarbonate T2 mouthpiece had
an SC level of 1383 Hz. The lowest SC level on pitch Ab4 was the hard rubber T1 at
1324 Hz. The difference between the low 1324 Hz and the high 1423 Hz was 7%.
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Figure 28. SC of Ab4 for T1, T2, T3.
The average of the SC for each mouthpiece was gained by adding the SC values
of the four pitches and dividing by 4 for each mouthpiece. This was done to show the
average of the SC throughout the entire range of the tenor saxophone. The difference of
the SC averages was compared showing that the average SC of each mouthpiece was
within 2%. However, there was an indication that the aluminum T3 had a slightly greater
SC than the polycarbonate T2, which also had a slightly greater SC than the hard rubber
T1. The resulting SC average for each of the tenor mouthpieces is shown below in
Figures 29 and 30.
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Figure 29. Average SC for T1, T2, T3: pie chart.

Figure 30. Average SC for T1, T2, T3: bar chart.
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Comparison of Alto Saxophone Mouthpiece Material
In examining the 12 alto saxophone mouthpieces in this study, it was not possible
to isolate material of construction from mouthpiece geometry. Therefore, the complex
interaction between material and geometry could not be determined directly. Rather,
indirect measures of mouthpiece material upon measured SC are inferred from the data
presented in the following section.
Taking average SC performance of the alto saxophone mouthpieces in both the
small office and the large lecture hall gave an indication of its typical brightness. Figure
31 shows the average SC for all 12 of the alto saxophone mouthpieces.

Figure 31. Average spectral centroid average of both rooms from dark to bright.
The brightest mouthpiece as measured by the SC was made of gold-plated brass
(C3, the Theo Wanne Fire), and the second brightest was made of marbled hard rubber
(D2, the Theo Wanne Shiva2). The third and fourth brightest mouthpieces were made of
silver-plated brass. (D3, Selmer Metal Jazz G) and the (A2, Selmer Metal Classic C*),
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respectively. The fifth, sixth, and seventh brightest mouthpieces were all made from hard
rubber. These were B1 (Selmer Soloist C*), C2 (Theo Wanne NY Bros 7), and A1
(Dahlke Virtuoso RS), respectively. B2 (Selmer Classic D) was the lone silver-plated
brass that was not toward the top of the group in brightness. Mouthpieces D1 (JodyJazz
HR* 7M), C1 (Phil-Tone Custom Meyer), and A3 (Rousseau 4R) followed in succession.
In fact, the average brightness of B2 was nearly identical to that of mouthpieces A3, C1,
D1, and A1. The fact that the measured SC for these five mouthpieces could not be
distinguished within measurement accuracy suggests that material plays only a minor role
in the determination of the brightness of timbre when compared to baffle shape or
chamber dimensions. This agrees with the data taken from tenor saxophone mouthpieces
with identical chambers supplied by JodyJazz.
The least-bright mouthpiece (darkest) of the group when comparing the average
SC was B3, the glass crystal Pomarico 3. It had a medium chamber, a tip opening of 1.60
mm (.063”), a short facing of 11 mm, and a slight rollover baffle. The glass crystal
mouthpiece is marketed as having a dark characteristic. This mouthpiece design is less
flexible. The short facing and close tip opening reduce air flow and reed movement. This
combination restricts and dampens the tone.
Past studies (Globus, 2007; McWilliams, 2013; Parker, 1947) concluded that
material does not have a significant impact on the brightness of timbre. However, the
sensitivity of the SC data in these studies showed that material has a small effect on SC,
which is a measure of brightness in timbre. However, that effect is much less than that of
the chamber design.
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Comparison of Alto Saxophone Mouthpiece Geometry
Like the material comparison, it was not possible to isolate the geometric
parameters of the mouthpieces examined to determine their unique contributions to
timbre. In the following, the geometric parameters of chamber length, facing length, and
tip opening were measured for all 12 mouthpieces examined for timbre by measuring SC.
The chamber lengths ranged from 47.6 mm (A3 and C2) to 33.5 (C3). The facing lengths
varied from 15 mm (B1 and D1) to 9 mm (A3), while tip opening varied between 2.2 mm
(D3) and 1.45 mm (A1). Further, the baffle, defined as the contour of the interior surface
opposite the window as shown in Figure 3, was described. Five different baffle
geometries were revealed by the Computer-Aided Tomography images in Figures 5, 7, 9,
and 11. In Figure 5, a negative rollover baffle geometry was revealed for mouthpiece A1.
Figure 9 reveals the flat baffle geometry of mouthpiece B3. Both mouthpieces A2 and C2
were shown to have simple rollover baffle geometries in Figures 7 and 11, respectively.
Further, the baffle of D2 and C3 were considered to be high, while the baffle of D3 was
considered to be medium as shown in Figure 13.
The ratio of the chamber length to facing length is shown in Figure 32 for all
mouthpieces in the study. It is interesting to note that the mouthpiece judged by SC to
exhibit the brightest sound (C3) with a SC of 1622 Hz corresponded to a ratio of 2.57. All
other mouthpieces possessed a ratio of chamber length to facing length of greater value.
Only that of D1 showed a similar value of 2.75, also with a high SC of 996 Hz. It would
appear from these data that a lower value of chamber length to facing length produces
greater SC and, thus, brighter timbre. However, mouthpieces D1 and C3 also seemed to
have the benefit of a significant baffle.
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Figure 32. Ratio of chamber length to facing length versus spectral centroid.
The ratio of facing length to tip opening is shown in Figure 33. The range in the
ratio was 5.0 to 9.1, while the ratio for mouthpiece C3 is seen to be 6.73. Three other
mouthpieces (B2, B3, and C2) showed similar ratios: 6.85, 6.88, and 6.83, respectively. It
would, therefore, appear from these data that the geometric parameter of the ratio of
facing length to tip opening cannot be correlated with SC and thereby, timbre.
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Figure 33. Ratio of facing distance to tip opening.
Db3
This investigation was further broken down by pitch for greater accuracy where
each mouthpiece was considered for performance throughout the range of the horn. In
Figure 34, the average SC of pitch Db3 is shown for all 12 mouthpieces. Mouthpiece C3
(Wanne Fire) had the greatest SC at 1793Hz. The second brightest mouthpiece on Db3
was D2 (Wanne Shiva2) at 1167Hz. As previously noted, both C3 and D2 had large
baffles coupled with very narrow chambers. The third brightest was B2 (Selmer Metal D)
with an SC level of 997Hz. Mouthpieces A1 (Dalhke Virtuoso RS), A2 (Selmer Metal
C*), and B1(Selmer Soloist C*) all had an SC of approximately 890Hz. Both A1 and B1
had chambers that are more narrow than the bore, narrow tip openings of 1.45 mm and
1.65 mm, respectively, and the same facing to tip ratio of 9.0. Mouthpiece A3 (Rousseau
4R), C2 (Wanne NY Bros), and D3 (Selmer Jazz G) all had an SC of about 775Hz.
Mouthpiece C1 (Meyer) and B3 (Pomarico) both had an average SC of around 700Hz.
The lowest SC was mouthpiece D1 (JodyJazz HR*) at 635Hz. Mouthpiece D1 (JodyJazz

85
HR* 7M) had a larger than average tip opening at 2.10 mm, and its chamber was slightly
smaller than its bore.

Figure 34. SC for alto saxophone mouthpieces on Db3.
Db4
The average spectral centroid for all 12 mouthpieces on pitch Db4 is shown in
Figure 35. The mouthpiece with the greatest SC on Db4 was C3 (Wanne Fire) at 1598Hz.
The next two greatest SC levels were mouthpieces D2 (Wanne Shiva) at 1091Hz and D3
(Selmer Jazz G) at 965Hz, respectively. Eight mouthpieces of the group, A1, A2, A3, B1,
B2, B3, C2, and C2, all had similar SC levels on Db4 of around 780Hz. The lowest SC
level on Db4 was mouthpiece D1 (JodyJazz HR*) at 647Hz.
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Figure 35. SC for alto saxophone mouthpieces on Db4.
Ab4
The two brightest mouthpieces on pitch Ab4 were C3 (Wanne Fire 6) and D2
(Wanne Shiva2 7) at SC frequencies of 1455 Hz and 1356 Hz, respectively. The room
average SC levels for all 12 mouthpieces on pitch Ab4 is shown in Figure 36. The next
two brightest mouthpieces were A2 (Selmer Metal C*) and D3 (Selmer Jazz G) with the
same SC of 1045 HZ. Both mouthpieces were silver-plated brass. Mouthpiece A2 had a
rollover baffle facing to tip opening ratio of 8.0. Mouthpiece D3 had a medium baffle and
a facing to tip opening ratio of 5. The next brightest in this middle-high range of the horn
was C2 (Wanne NY Bros 7) with an SC of 1002 Hz. It had a rollover baffle and a facing
to tip ratio of 6.75. This was followed by A1 (Dahlke Virtuoso) and D1 (JodyJazz HR*
7M). Both had the room average SC of 935 Hz. Mouthpiece A1 had a negative, concave
baffle and a facing to tip opening ratio of 9.0. Mouthpiece D1 had a rollover baffle and a
facing to tip ratio of 7.15. Mouthpiece B1 (Selmer Soloist C*) had an SC of 911 Hz on
Ab4. It featured a slight rollover baffle and a facing to tip ratio of 9.0. This was followed
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by B2 (Selmer Metal D) with an SC of 890 Hz, followed closely by C1 (Meyer 6) with an
SC of 880 Hz. B2 had a rollover baffle and a facing to tip ratio of 6.86. Mouthpiece C1
had a rollover baffle and a facing to tip ratio of 7.25. Second to darkest on Ab4 was
mouthpiece A3 (Rousseau 4R) with an SC level of 845 Hz. A3 had a flat baffle and a
facing to tip ratio of 5.8. The lowest room averaged SC rate on Ab4 was produced by B3
(Pomarico) at 732 Hz. Mouthpiece B3 had a flat baffle and a facing to tip ratio of 6.88
and was made from glass crystal.

Figure 36. SC for alto saxophone mouthpieces on Ab4.
Db5
The room average SC levels for all 12 mouthpieces on pitch Db5 is shown in
Figure 37. The highest room average SC level on pitch Db5 was a tie between D2
(Wanne Shiva2 7) and C3 (Wanne Fire 6) with both mouthpieces producing 1645 Hz.
The next brightest was mouthpiece D1 (JodyJazz HR* 7M) with a room average SC level
of 1379 Hz. This was followed by 6 mouthpieces that all produced about the same room
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average SC on Db5 of 1200 Hz. These were A2 (Selmer Metal C*), A3 (Rousseau 4R),
B1 (Selmer Soloist C*), C1 (Meyer 6), C2 (Wanne NY Bros 7), and D3 (Selmer Jazz G).
This large group was followed by mouthpiece A1 (Dahlke Virtuoso SC) with a room
average SC of 1006 Hz on Db5. The two lowest average SC levels were produced by B3
(Pomarico 3), at 938 Hz, and B2 (Selmer Metal D),at 921 Hz, respectively.

Figure 37. SC for alto saxophone mouthpieces on Db5.
Comparison of Alto Saxophone Ligatures
Several ligatures were compared to find their effect on tonal brightness. Two tests
were conducted using metal mouthpieces. The first compared the SC of mouthpiece A2,
the Selmer Metal Classic C*, with either ligature. The results are illustrated in Figure 38.
The results were very close, with only a 3.5% difference in the average SC. The silverplated ligature seemed to brighten the tone in the upper range.
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Figure 38. Comparing the Rovner Dark and Selmer silver-plated brass ligature on A2.
The second test used the Selmer Metal Classic D to compare the Rovner Dark
with the Selmer stock, silver-plated brass ligature. The results are illustrated in Figure 39.
Interestingly, the results look very similar to the test of the Selmer Metal Classic C*.
Again, the Rovner was actually a tiny bit brighter in the lower octave, while the silverplated Selmer ligature tended to brighten the upper octave. The difference between the
average SC is also 3.5%.
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Figure 39. Comparing the Rovner Dark and Selmer silver-plated brass ligature on B2.
The vinyl/fabric Rovner Versa (with the metal plate) was compared to the brass
Woodstone ligature using the Selmer Soloist C*. All the trials with the Rovner Versa
were used with the metal plate in place and with the vinyl flaps between the reed and the
plate. The resulting performance is shown in Figure 40. The average SC differed by a
mere 1%. These results were incredibly close.
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Figure 40. Comparison of the Rovner Versa and Woodstone on B1.
The second comparison of the effect on tonal brightness for the Rovner Versa and
the brass Woodstone was done with C1, Phil-Tone’s Custom Meyer. The results are
shown in Figure 41. Again, the results looked nearly identical to the first test. The
difference in the average SC was 0.3%. After four tests, the trend seemed to be that the
ligature affects the brightness in a similar way, regardless of the mouthpiece. However,
that affect in tonal brightness was extremely small, to the point of being negligible.
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Figure 41. Comparison of the Rovner Versa and Woodstone on C1.
The final ligature comparison for tonal brightness was done with mouthpiece D2,
the Theo Wanne Shiva2 7. This mouthpiece came with Wanne’s Enlightened ligature.
That was compared against the Rovner Versa and the brass Woodstone. The results are in
Figure 42. In this case, the Woodstone created a slightly brighter timbre. The Rovner and
the Wanne ligatures were about the same. The difference in the average SC of these
ligatures was 5%.

93

Figure 42. Comparison of Rovner, Woodstone, and Wanne on D2.
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CHAPTER V
DISCUSSION AND CONCLUSIONS
Measuring Timbre by Analyzing the
Harmonic Spectrum
Wyman (1972) observed that a dark tone had a spectrum with a strong
fundamental and progressively decreasing harmonics. Figure 43 shows an example of a
Db4 played on mouthpiece B3 (Pomarico 3) in the office. The SC level for this pitch was
815 Hz. In this case, the harmonic spectrum shows a strong fundamental (to the far left at
-17 dBFS) with progressively decreasing harmonics, supporting Wyman’s findings.

Figure 43. Db4 played on Mouthpiece B3 in office.
However, this set of experiments showed that a dark timbre does not necessarily
require the fundamental to be the highest amplitude in the harmonic series. Consider the
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same pitch and mouthpiece played in the lecture room. Figure 44 shows the second
harmonic as having had the greatest amplitude. However, the SC was lower with this
example. This experiment concluded that tonal brightness is affected by the amplitude
levels of all audible harmonics and is not tied so greatly to a strong fundamental. This
also suggested that timbre is affected by the environment of the performance.

Figure 44. Db4 played on Mouthpiece B3 in lecture room.
Wyman (1972) also stated that brighter mouthpieces tend to be weak on the
second and fourth harmonic, while increasing on the third and fifth. The data did not
show this trend at all. In fact, many of pitches with high SC levels had second and fourth
harmonics with high amplitude levels. Figure 45 shows mouthpiece A2 (Selmer Metal
C*) played in the office with an SC of 1252.6 Hz.
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Figure 45. Ab4 played on Mouthpiece A2 in the office showing high second and fourth
harmonic.
Figure 46 shows mouthpiece C3 (Theo Wanne Fire 6) playing a Db4 in the office
with a NSC of 7.4. The high SC was caused by many harmonics having a high amplitude
in the audible range. It could be argued that at least the first 20 harmonics were audible.

Figure 46. Db4 played on Mouthpiece C3 in the office showing homogenous amplitude
with a slow progressive rate of drop.
Wyman (1972) also observed that the harmonics representing the fundamental are
not always fully damped when playing in the second register of the horn (1972). This is
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shown is Figure 47 below. Pitch Db5 was played on mouthpiece A3 (Pomarico 3) in the
lecture room. The short peaks are the undamped first mode of the impedance spectra.
These were the fundamental and harmonics of Db4. They were very low in comparison to
the fundamental and harmonics of Db5, shown in Figure 39. The decibel scale is
logarithmic. At -48 DbFS, the first peak is about 0.001 times the intensity of the first high
peak at -10 DbFS. These low partials showed the sensitivity of the measuring devices.
However, these partials of the lower register were either very low or inaudible. Wyman
concluded that certain mouthpiece chamber shapes contribute to this phenomenon of
lower register partials.

Figure 47. Db5 on Mouthpiece A3 in the lecture room showing undamped partials.
However, the data from these experiments showed that these partials can be
present in various chamber shapes and environments. This is shown in Figures 48
through 53. It is possible that this presence of partials was caused by slight embouchure
or oral cavity adjustments by the performer. Again, the spectral analysis is extremely
sensitive to any changes in tone. Overall, the data showed fine differences in mouthpiece
contributions to tonal brightness.
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Figure 48. Db4 on Mouthpiece A2 in office.

Figure 49. Db4 on Mouthpiece A2 in lecture room showing partials.
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Figure 50. Db5 Mouthpiece B2 in office.

Figure 51. Db5 Mouthpiece B3 in lecture room.

Figure 52. Mouthpiece C1 Db4 in lecture room.
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Figure 53. Mouthpiece D2 playing an Ab4 in the office.
Identifying the Mouthpiece Characteristics Affecting
Timbre Brightness
In the following, the author created a system to quantify and assemble all
mouthpiece geometric parameters in such a manner that their sum could be correlated
with the SC and, thereby, the brightness of the timbre produced by the mouthpiece.
Findings from the investigation of the SC of the impedance spectra suggested that
mouthpiece brightness is significantly related to all the geometric parameters of the
mouthpiece. The exact interior dimensions of each mouthpiece can be determined from a
CT scan. However, it was not the intent of this project to publish a replicable blueprint of
each mouthpiece due to the proprietary nature of this information. Rather, comparative
ratings of the chamber are worthwhile and can be valuable to the discussion of timbre.
There are many factors contributing to the SC level in saxophone mouthpieces
such as throat shape, rail and tip thickness, and complex combinations. Let us consider
these contributors: the baffle, chamber size, facing/tip ratio, and the material. A listing of
each mouthpiece and its attributes in order of the average SC is shown in Table 4 . This
was the average of all four pitches taken in two rooms, large and small.
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Table 4
Mouthpiece Chamber Attributes
Mouthpiece

Average
SC

C3

1622 Hz

High

Small

6.74

Gold-plated
brass

D2

1316 Hz

High

Small

5.9

Hard Rubber

D3

996 Hz

Medium

Medium

5.0

Silver-plated
brass

A2

977 Hz

Rollover

Medium

8.0

Silver-plated
brass

B1

941 Hz

Slight
Rollover

Medium

9.0

Hard Rubber

C2

928 Hz

Rollover

MedLarge

6.7

Hard Rubber

A1

905 Hz

Negative/
Concave

Medium

9.0

Hard Rubber

B2

901 Hz

Rollover

Medium

6.9

Silver-plated
brass

D1

899 Hz

Rollover

MedLarge

7.1

Hard Rubber

C1

898 Hz

Rollover

MedLarge

7.3

Hard Rubber

A3

896 Hz

Flat

Large

5.8

Hard Rubber

B3

775 Hz

Flat

Large

6.9

Glass Crystal

Baffle

Chamber
to Bore

Facing/
Tip

Material

For simplicity, the chamber can be discussed as four-sided. The reed sits against
the facing, window, and side rails. In this way, the reed creates the floor of the chamber.
The length of the facing and the tip opening determine how much the reed can move. An
oscillating reed spends 25% of its time away from the facing, 25% percent of its time
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closed against the facing, and 50% of its time in the middle. A longer facing allows for
the reed to flex away from the facing, effectively expanding the volume of the chamber.
A wider tip opening requires a softer reed with greater flexibility. Thus, the result of a
wider tip opening is an increase in chamber volume.
The common nomenclature for mouthpiece chamber dimensions is confusing and
requires further interpretation. The accepted perspective of the mouthpiece is as if the
mouthpiece were being played with the window, facing, and reed on the bottom. If the
chamber were an actual room, the reed would be the floor and the baffle would be the
ceiling. However, many manufacturers denote the wall opposite the reed as the floor. The
mouthpiece geometric parameters are described in Table 4 and the definition of each of
the geometric features follows.
The baffle is the shape of the interior chamber wall opposite the window. It is
sometimes referred to as the floor. The baffle height is the distance from the window to
the opposite side of the chamber. A high baffle is a low floor, squeezing the air stream. A
flat baffle is a high floor, creating more chamber space. A rollover baffle is a curved floor
(toward the tip), causing a slight squeeze on the airflow. Mouthpiece A1 had an oddity
which was a concave baffle. This created a slightly domed arch to the floor. The author
named this a negative baffle, as it created more chamber space than a flat baffle.
Wanne (2016b) discussed that the 1950s Brilhardt and Meyer Brothers
mouthpieces had curved, concave side walls for even greater chamber space. Side walls
that are the same diameter as the mouthpiece bore create a large chamber. Alternatively,
side walls that are flat and very thick contribute to a narrow, small chamber, such as that
of mouthpiece C3 and D2.
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As shown in the CT-scan image of B3 mouthpiece in Figure 7, the chamber walls
were slightly smaller than the bore, creating a medium-large chamber. One should recall
that the bore is a standard size across manufacturers because it must accept the neck of
the horn (also standard across manufacturers). The bore is shown in Figure 4. The
medium-large chamber is also shown in Figure 9 for mouthpiece C2. The medium
chamber was distinctly smaller than the bore. This geometry could be created by thicker
sidewalls such as seen in CT-scan images in Figures 3 and 5 for mouthpieces A1 and A2,
respectively. The medium-small chamber was created by a significant baffle with normal
side walls such as shown in Figure 11 for mouthpiece D3. The small chamber (not
illustrated) was created by both thick side walls and a high baffle.
To accommodate relating all the geometric parameters of the mouthpiece to the
SC, the author proposed a simple summation relationship wherein two of the geometric
parameters were judged on a scale of 0 – 5, while the influence of the material was
judged on a scale of 0.1 – 1.0. One of the geometric parameters (facing length/tip opening
ratio) was easily measured, and its measured value was used as one of the elements of the
equation. In the proposed ranking system, the mouthpiece material had only 1/10
influence on the SC as compared to the geometric parameters. This finding was discussed
in Chapter IV.
The proposed relationship was defined as the sum of baffle size (x) + chamber
size (y) + facing/tip opening (z) + material (m) and provided a relative ordering of
characteristics affecting timbre brightness in a mouthpiece through providing the relative
e order of the SC of the mouthpieces based on these parameters. Thus, the equation is B
(potential brightness of the mouthpiece) = x (baffle shape) + y (chamber shape) + z
(facing mm/tip opening mm) + m (material).
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Baffle size was graded on a scale of 0 – 5 according to the following order: high –
5, medium – 4, rollover – 2, flat – 1, and concave – 0. The chamber size was graded from
small to large as large – 1, medium-large – 2, medium – 3, medium-small – 4, and small
– 5. It should be noted that the scaling was reversed between baffle and chamber size to
accommodate the appropriate weighting measures on SC. The facing length/tip opening
ratio was measured for each of the mouthpieces in the study, and the measure values were
entered into the equation. As an example of this relationship, the total sum of 17.7 was
computed for mouthpiece C3 as follows: (a) baffle size, high (5); (b) chamber size, small
(5); (c) facing length/tip opening, 6.7; and (d) material, metal (1). Similarly, for the
mouthpiece B3 with a total of 10.0, we have the following computation: (a) baffle size,
small (1); (b) chamber size, medium-large (2); (c) facing length to tip opening, 6.9; and
(d) material, glass/crystal (0.1). Clearly, the sums for these two mouthpieces (B3 and C3)
were quite different (10.0 versus 17.2) as are their SCs (775 Hz and 1622 Hz,
respectively). In Table 5, the sums are calculated for the complete set of mouthpieces and
compared to their SCs.
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Table 5
Mouthpiece Attributes Affecting SC

Mouthpiece

Average
SC

C3

1622 Hz

High (5)

Small (5)

6.7

Gold-plated
brass (1)

17.7

D2

1316 Hz

High (5)

Small (5)

5.9

Hard Rubber
(.5)

16.6

D3

996 Hz

Medium (4)

Med-Small
(4)

5.0

Silver-plated
brass (1)

14.0

A2

977 Hz

Rollover (2)

Medium (3)

8.0

Silver-plated
brass (1)

14.0

B1

941 Hz

Rollover (2)

Medium (3)

9.0

Hard Rubber
(.5)

14.5

C2

928 Hz

Rollover (2)

Med-Large
(2)

6.7

Hard Rubber
(.5)

11.2

A1

905 Hz

Negative/
Concave (0)

Medium (3)

9.0

Hard Rubber
(.5)

12.5

B2

901 Hz

Rollover (2)

Medium (3)

6.9

Silver-plated
brass (1)

12.9

D1

899 Hz

Rollover (2)

Med-Large
(2)

7.1

Hard Rubber
(.5)

11.6

C1

898 Hz

Rollover (2)

Med- Large
(2)

7.3

Hard Rubber
(.5)

11.8

A3

896 Hz

Flat (1)

Med-Large
(2)

5.8

Hard Rubber
(.5)

9.3

B3

775 Hz

Flat (1)

Med-Large
(2)

6.9

Glass Crystal
(.1)

Baffle (x)

Chamber to
Bore (y)

Facing/
Tip (z)

Material (w)

B = Sum of
x+y+z+w
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In general, the mouthpieces with higher average SCs also had high potential
brightness B, such as C3 (Wanne Fire 6) and D2 (Wanne Shiva2 7). Those mouthpieces
with low average SCs also had lower potential brightness B, such as A3 (Rousseau 4R)
and B3 (Pomarico 3). Mouthpieces with similar geometries showed similar average SCs
and similar potential brightness B, such as D1 (JodyJazz HR* 7M) and C1 (Meyer 6),
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Mouthpieces D3 (Selmer Jazz G), A2 (Selmer Metal C*), and B1 (Selmer Soloist C*).
Figure 54 shows the average SC level of each of the mouthpieces, A1, A2, A3, B1, B2,
B3, C1, C2, C3, D1, D2, and D3. As stated earlier, the C3 and D2 mouthpieces showed a
brighter timbre than the rest of the mouthpieces, while mouthpiece B3 showed
significantly less brightness compared to the other mouthpieces.

Figure 54. Average spectral centroid levels for each mouthpiece.
As described in Table 5, the sum of the influences of the mouthpiece properties to
produce the potential mouthpiece brightness B can yield a relative ranking of the
mouthpiece average SC. These results, discussed earlier, are shown in Figure 55.
Consider the results for the mouthpiece C3. Here the property ratings were: baffle (5),
chamber to bore (5), facing length to tip displacement (6.7), and material (1.0); these
property ratings yielded a total rating of 17.7. The other mouthpiece ratings laid between
16.4 and 9.3. While these numbers did not provide an absolute measure of SC, they did
provide a relative measure.
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Figure 55. B (Sum of x + y + z + m) in order of bright to dark.
When the data in Figures 54 and 55 are normalized, they can be compared on the
same dimensionless scale as shown in Figure 56. Here the comparison, while not equal
for all mouthpieces, clearly shows the same trends where C3 is maximum and B3 is
minimum.
No doubt, this comparison is not definitive; but for the first time, the various
features of the mouthpiece and their influence on SC and, thereby, timbre brightness,
have been quantified and compared. These results suggest that the complex interaction
between the various mouthpiece properties that influence mouthpiece timbre can be
measured, and this further suggests that this approach can be used for design of future
mouthpieces as well.
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Figure 56. Comparison of B and SC.
Mouthpiece Flexibility
One primary takeaway from this study was that the saxophone has a flexible
timbre. This results in a range of possible SCs. A mouthpiece is a piece of equipment that
can shift, narrow, or widen that range of timbre brightness. The previous charts also show
that mouthpiece C2 (Wanne NY Bros 7) was more innately flexible than mouthpiece B2
(Selmer Soloist C*). In Chapter III, the mouthpieces performance characteristics were
discussed. Mouthpieces A1, A3, B1, B2, and B3 were seen as more stable than others.
Typically, these stable mouthpieces are marketed for classical use.
The SC can be used as a tool to measure the brightness level at any point in time.
The equipment lends a potential for the resulting timbre. The performer can create a
darker or brighter timbre by adjusting the jaw pressure, as shown by Almeida (2013), or
by modulating the oral cavity. Although the physical system has specific impedance that
must be matched by the performer to produce a specific pitch with a specific fingering,
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there is leeway. The professional saxophonist can find room within the impedance
spectrum to modulate the timbre of any note. It is in that light that any quantified
measurement should be viewed. The saxophone mouthpiece is a tool, and its use depends
on the skill of the performer. Thus, the SC can be used to measure the potential of
equipment as well as the technique of the performer.
This thesis confirmed that the SC is a good indicator of tonal brightness. The tests
concluded that the mouthpiece does affect the brightness of the timbre to a large degree.
The difference between the dark Pomarico 3 and the blazing Wanne Fire was quite
significant. Further, the thesis concluded that the SC can detect small, subtle inputs from
the performer that impact tonal brightness.
The SC can distinguish how much tonal brightness occurs with the mixture of
performer, mouthpiece, ligature, reed, and horn. It is an adequate method to detect subtle
nuances of the performer. Therefore, it is useful as a measure for how a saxophonist
performs on a given set of equipment. The SC can also detect differences in the tonal
brightness throughout the range of the horn.
Mouthpiece Geometry
The mouthpiece is part of the bore of the instrument. The bore dimensions have a
much larger effect on tone and intonation than any other part of the instrument. The
unique chamber shape of each mouthpiece seemed to have the largest effect on tonal
brightness as measured by the SC. These data reflect the findings of Guillaume (1972),
who found that certain mouthpiece dimensions excited strong harmonics which were
unique to that specific geometry. Wyman (1972) found that a narrow, long chamber will
generally produce a brighter timbre than a short, wide chamber. Rousseau (1982) also
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wrote that a large chamber produces a dark timbre, while a small chamber produces a
bright timbre.
However, Guillaume (1972) also wrote that there were no clear rules to how
chamber affected timbre. The remaining influences are complex as suggested, as the
facing, tip, and other factors work in concert to provide both timbre and performer
feedback. The two are interrelated. The width and shape of the side rails, the shape of the
throat, and the tip opening all seem to affect how the mouthpiece performs throughout the
range of the horn.
This study showed that there are clear rules of mouthpiece composition that are
significant to the brightness level in the resulting saxophone timbre. The overarching rule
is that a narrow chamber produces a brighter timbre. The chamber volume can be reduced
by lowering the roof with a baffle, by thickening the side walls, or by a combination of
both. In the extreme, the thick side walls and baffle can create a chamber that is much
smaller than the bore, such as with mouthpieces C3 (Wanne Fire 6) and D2 (Wanne
Shiva2 7). As the mouthpiece volume must be equal to that of the truncated cone of the
bore, a chamber that is smaller than that of the truncated cone will result in serious tuning
issues, especially in the higher range (Benade & Lutgen,1988).
Another rule is that the higher the facing/tip opening ratio, the more the timbre
brightness raises, such as with mouthpiece A1 (Dahlke Virtuoso RS), A2 (Selmer Metal
C*), and B1 (Selmer Soloist C*). Thus, if the facing and chamber stays consistent, the
larger tip opening will create the potential for a darker timbre.
The quantified data supplied by the SC is the beginning of a firm foundation to
rules already in use by mouthpiece manufacturers. Mouthpieces C3 (Theo Wanne Fire 6)
and D2 (Theo Wanne Shiva2 7) both had prominent baffles and slender chambers with
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thick side walls. This combination was found to significantly increase brightness in the
tone, as advertised by the manufacturer. The average SC level of mouthpieces C3 and D2
were 19% and 12% brighter than the average SC of the group overall. This SC data
showed that a baffle along with a narrow chamber makes a large difference in the
brightness of the tone.
Conversely, the data showed that a darker timbre was produced by mouthpieces
with larger chambers such as A3 (Rousseau 4R), B3 (Pomarico 3), C1 (Meyer 6), C2
(Wanne NY Bros), and D1 (JodyJazz HR* 7M). Mouthpiece A1 (Dahlke Virtuoso RS)
used a concave baffle to increase the chamber size and offset the brightness potential of
its high facing/tip opening ratio.
The proposed potential brightness measurement B did not exactly map with the
SC level. However, it did have a similar trend. Certainly, there are other factors within
the chamber design that are not completely characterized by this new measure. This could
be measured and compared in a future study. The potential brightness B also gives an
indication of how a mouthpiece should behave on a brightness scale without the
saxophonist doing any SC measurements. When considering a mouthpiece, the following
characteristics lead to a brighter potential timbre: a larger baffle, a narrower chamber, a
higher facing/tip ratio (essentially a longer facing with a smaller tip), and to a much
smaller extent, a metallic material. Any of these factors affects brightness. However,
manufacturers typically use them in concert.
Mouthpiece Material
This study showed that material affects the brightness of the timbre in a minor
fashion. This was shown in the JodyJazz study in Chapter IV. There, the aluminum had a
brighter characteristic, although it was a small difference. This could be due to thermal
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transfer from the air column to the bore or porosity of the material which would affect the
impedance. Material has a secondary characteristic which is its workability. As stated by
Globus (2007), chamber shape is a function of the material. Hard rubber is very workable
to a very fine level of nuanced shape. Metal and glass, conversely, are more difficult to
manage.
Ligature Study
The repeated experiment with the same mouthpiece in the lecture room led to an
average difference of less than 10% for the average SC. Yet, the most the ligature seemed
to affect the timbre was a 5% difference from the average SC, which is considered
insignificant. There are a few physical reasons that support this data. First, the ligature is
not part of the bore of the saxophone. Thus, it is not in contact with the vibrating column
of air. Second, the ligature has one job--affix the reed to the mouthpiece. There is a bit of
variability in this case. The Rovner Dark is fabric and has a small amount of flexibility at
the edges, which should apply force more gradually to the reed, allowing more of it to
vibrate. The metal ligature does not give at the edges. This could explain why the Rovner
Dark showed a higher SC in the lower octave; the lower part of the reed was free to
vibrate. In contrast, the Rovner Versa has a metal plate which does not give at the edges.
It acts the same as a metal ligature on the reed. The data were almost identical between
the Rovner Versa, the Woodstone, and the Enlightened.
Performance Summary
What is very interesting is that there was no mouthpiece in this study that mixed a
high baffle, thick sidewalls, and high facing/tip opening ratio. There was also no
mouthpiece in this study that combined a large chamber, concave roof, and low facing/tip
ratio. The author suggests that this was because certain combinations have severely
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reduced playability. From the data, one can infer that certain combinations are best for
certain roles as mouthpiece manufacturers create products that are workable. A
mouthpiece company would not stay in business long selling something that does not
work. On the contrary, all the mouthpieces in this study were based on tried and true
designs. For instance, the hard rubber mouthpiece with a rollover baffle, medium-large
chamber, and a facing/tip ratio of about 7 seemed to best resemble the 1950s Meyer
Brothers mouthpiece timbre made famous by Cannonball Adderley. Mouthpieces C1
(Meyer 6), C2 (Wanne NY Bros), and D1 (JodyJazz HR* 7M) were all variations on this
theme. They all had an average SC of about 900 Hz.
Mouthpieces A2 (Selmer Metal Classic C*), B1 (Selmer Soloist C*), and B2
(Selmer Metal Classic D) all resembled the 1950s era Selmer Soloist mouthpieces played
by Marcel Mule (on the Metal Classic) and by Larry Teal (on the hard rubber Larry Teal
Soloist). However, it should be noted that mouthpiece B2 (Selmer Soloist C*) has a
horseshoe shaped chamber that is more like the “short shank” Soloist model from the
1950s than the small, round chamber of the Larry Teal model (Wanne, 2016c).
Mouthpiece A2 had an SC of 977 Hz, and mouthpiece B1 had an SC of 941 Hz. The 10%
difference in SC could have been caused by the difference in material and a slightly
different chamber shape (Wanne 2016c). Mouthpiece A1 (Dahlke) and B2 (Selmer Metal
D) both had a similar SC at 905 Hz and 901 Hz, respectively. A1 expanded the chamber
by raising the roof, while B2 had a lower facing/tip ratio than the similarly shaped A2
(Selmer Metal C*).
Mouthpieces A3 (Rousseau 4R) and B3 (Pomarico 3) both used a larger chamber
and short facings at 9 mm and 11 mm, respectively, to create a darker timbre. These
mouthpieces at the extremes of the study had a reduced flexibility that is inherent in their
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design. Mouthpiece C3 (Wanne Fire 6) and D2 (Wanne Shiva2 7) will never sound at
home playing in a wind ensemble section, unless one really does not like the conductor.
Conversely, mouthpieces A3 and B3 did not have any of the projection necessary to
compete with the brass in a large jazz ensemble or cut through the texture in popular
music. They could be used with a microphone, but it would be unusual. Therefore, the
1950s Meyers Bros and Selmer Soloist designs persist because they work well and are
flexible through the everyday life of most saxophonists.
Future Research
As computational power increases and the cost of technology decreases,
musicians will gain insight into the physical effect of their equipment. The methodology
of using the SC to measure brightness of timbre could be put into a future software
application which would then be used as a timbre calibration.
This thesis shows that the SC level can be used to compare the brightness levels
of various mouthpieces and ligatures. The author compared 12 alto saxophone
mouthpieces and six ligatures on one saxophone. There were also 3 tenor saxophone
mouthpieces compared on a single horn.
This quantification of timbre brightness was just the beginning of a new era of
comparison. Now there is quantified data to work in conjunction with the human ear to
research a variety of effects. Using the methodology described in this thesis, future
researchers can compare a large variety of mouthpieces, ligatures, and saxophones. An
experiment could be conducted between various performers to determine the trend of
how a specific mouthpiece or horn affects timbre brightness. A repeatability study could
be performed with various mouthpieces to compare control and flexibility of the
mouthpiece. Experiments with timbre brightness could be done in more types of
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performance spaces. In conjunction with a manufacturer, more material comparisons
could be done with mouthpiece clones. In contrast, experiments could be done with
mouthpieces that have slight alterations to their baffle or chamber walls.
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APPENDIX A
RECORDING SETTINGS
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Recording Settings
Tonal Energy settings
Mode: Wind
In-tune range: fine
This setting give +or- 2 cents.
Damping: normal
This averages the intonation over time.
Garage Band settings
L/R: top dead center
Recording Level: Automatic Level Control
This allows the tracks to all be the same peak volume which is good for the
purposes of this comparison.
Monitoring: off
Plug-ins
Compressor: off
Channel EQ: off
Sends
Ambience: off
Reverb: off
Yeti Microphone settings
Input selection: cardioid
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APPENDIX B
SPECTRAL ANALYSIS DATA

125
Spectral Analysis Data
A1 - Dahlke Virtuoso RS; Spectral Analysis
Db3 - office

Db4 - office

126
Ab4 - office

Db5 – office

127
Db3 – lecture room

Db4 – lecture room

128
Ab4 – lecture room

Db5 – lecture room

129
E A2 – Selmer Metal Classic C*; Spectral Analysis
Db3 – office

Db4 – office

130
Ab4 – office

Db5 – office

131
Db3 – lecture room

Db4 – lecture room

132
Ab4 – lecture room

Db5 – lecture room

133
F A3 – Rousseau 4R; Spectral Analysis
Db3 - office

Db4 - office

134
Ab4 - office

Db5 – office

135
Db3 – lecture room

Db4 – lecture room

136
Ab4 – lecture room

Db5 – lecture room

137
G B1 – Selmer Soloist C*;Spectral Analysis
Db3 - office

Db4 - office

138
Ab4 - office

Db5 – office

139
Db3 – lecture room

Db4 – lecture room

140
Ab4 – lecture room

Db5 – lecture room

141
H B1 – Selmer Soloist C* with Woodstone ligature in
lecture hall; Spectral Analysis
Db3

Db4

142
Ab4

Db5

143
I B2 – Selmer Metal Classic D; Spectral Analysis
Db3 - office

Db4 - office

144
Ab4 - office

Db5 – office

145
J B2 – Selmer Metal D with Rovner Dark lig;
Spectral Analysis
Db3

Db4

146
Ab4

Db5

147
K B2 – Selmer Metal D with silver-plated brass lig;
Spectral Analysis
Db3

Db4

148
Ab4

Db5

149
L B3 – Pomarico Classic 3; Spectral Analysis
Db3 - office

Db4 - office

150
Ab4 - office

Db5 – office

151
Db3 – lecture room

Db4 – lecture room

152
Ab4 – lecture room

Db5 – lecture room

153
M C1 – Meyer 6; Spectral Analysis
Db3 - office

Db4 - office

154
Ab4 - office

Db5 – office

155
N C1 –Meyer 6 with Rovner Versa ligature in
lecture room
Db3

Db4

156
Ab4

Db5

157
O C1 – Meyer 6 with Woodstone Versa lig;
Spectral Analysis
Db3

Db4

158
Ab4

Db5

159
P C2 – Theo Wanne NY Bros 7; Spectral Analysis Db3 –
Office
Db3

Db4 - office

160
Ab4 - office

Db5 – office

161
Db3 – lecture room

Db4 – lecture room

162
Ab4 – lecture room

Db5 – lecture room

163
Q C3 – Theo Wanne Fire 6; Spectral Analysis
Db3 - office

Db4 – office

164
Ab4 - office

Db5 – office

165
Db3 – lecture room

Db4 – lecture room

166
Ab4 – lecture room

Db5 – lecture room

167
R D1 – Jody Jazz HR* 7M; Spectral Analysis
Db3 - office

Db4 - office

168
Ab4 - office

Db5 – office

169
S Jody Jazz HR* 7M with Rovner Versa Lig;
Spectral Analysis
Db3

Db4 – lecture room

170
Ab4 – lecture room

Db5 – lecture room

171
T Jody Jazz HR* 7M with Woodstone Ligature
in lecture room
Db3

Db4

172
Ab4

Db5

173
U D2 – Theo Wanne Shiva2 7; Spectral Analysis
Db3 - office

Db4 - office

174
Ab4 - office

Db5 – office

175
V D2 – Theo Wanne Shiva2 7 with Rovner Versa Lig;
Spectral Analysis
Db3 – lecture room

Db4 – lecture room

176
Ab4 – lecture room

Db5 – lecture room

177
W D2 – Theo Wanne Shiva2 7 with Woodstone Lig;
Spectral Analysis
Db3

Db4

178
Ab4

Db5

179
X D2 – Theo Wanne Shiva2 7 with Enlightened Lig;
Spectral Analysis
Db3

Db4

180
Ab4

Db5

181
Y D3 – Selmer Metal Jazz G; Spectral Analysis
Db3 - office

Db4 – office

182
Ab4 - office

Db5 – office

183
Z D3 – Selmer Metal Jazz G with Rovner Dark Lig;
Spectral Analysis
Db3

Db4

184
Ab4

Db5

185
AA D3 – Selmer Metal Jazz G with Silver-Plated Brass Lig;
Spectral Analysis
Db3

Db4

186
Ab4

Db5

187
BB T1 – Jody Jazz Tenor Mouthpiece, Hard Rubber;
Spectral Analysis
Ab2

Ab3

188
Eb4

Ab4

189
CC T2 – Jody Jazz Tenor Mouthpiece, Polycarbonate;
Spectral Analysis
Ab2

Ab3

190
Eb4

Ab4

191
DD T3 – Jody Jazz Tenor Mouthpiece, Aluminum;
Spectral Analysis
Ab2

Ab3

192
Eb4

Ab4

193

APPENDIX C
MATLAB CODE

194

MATLAB Code
% This code reads in a .CSV file that contains the FFT of an single note
% and finds the peaks.
% Clear workspace
clc
clear all
%************* Controls ************************%
% Define the name of the file in the following format:
%

Filename= 'DataSet_xxx.CSV'

% where DataSet_xxx is the name of the file to be analized.
Filename= 'Selmer Jazz G Db5.csv';
% Control parameters
% Define Data cutoff frequency in Hz
cutoff_Frequency=8000;
% Define minimum distance between peaks used for peaks identification
% (suggested value is around 10).
% MinPeakDist: is a real valued positive
% scalar specified in frequency units. This parameter may be specified to
% ignore smaller peaks that may occur in close proximity to a large local
% peak. For example, if a large local peak occurs at frequency Fp, then
% all smaller peaks in the range (Fp-MPD, Fp+MPD) are ignored. If not
% specified, MPD is assigned a value equal to the minimum distance
% between two consecutive frequency points in the spectrum estimate.
MinPeakDist=2;
% Create file name for output CSV
L_name=length(Filename);
FileOut=Filename(1:L_name-4);
FileOut(L_name-4:L_name+5)='_Peaks.csv';
%************* Import Data ************************%
% Imported data is formated as follows:
% Column 1 corresponds to frequency (Hz) and column 2 to amplitude (Db)
FFT_Data=importdata(Filename);
% Preprocessing of imported data
index_cutoff=find(FFT_Data.data(:,1)>=cutoff_Frequency,1);
FFT_Data.Reduced=FFT_Data.data(1:index_cutoff,:);
% Find peaks in FFT
[peaks,locationIndex]=findpeaks(FFT_Data.Reduced(:,2),'MINPEAKDISTANCE',MinPeakDist);
%************* Generate Plots ************************%
figure (1)
plot(FFT_Data.Reduced(:,1),FFT_Data.Reduced(:,2),'b',...
FFT_Data.Reduced(locationIndex,1),FFT_Data.Reduced(locationIndex,2),'*r','linewidth',1.
5);
xlabel('Frequency (Hz)','fontsize',14);
ylabel('Amplitude (dBFS)','fontsize',14);
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grid on
legend('FFT','Peaks');
title(Filename);
% Display table of Peaks identified in the following order
% Var1 = Frequency (Hz) Var2 = Amplitude (Db)
T_Display=table(FFT_Data.Reduced(locationIndex,1),FFT_Data.Reduced(locationIndex,2))
%************* Output Excel Spreadsheet ************************%
% Write peaks (frequency and amplitude) in an Excel spreadsheet
csvwrite(FileOut,FFT_Data.Reduced(locationIndex,:));
%************* Compute Spectral Centroid ************************%
% Filter data up to amplitudes above an amplitude threshold
% Amplitude threshold to trim FFT spectra
decibels_limit=-50;
new_index=find(FFT_Data.data(locationIndex,2)>decibels_limit);
new_index=locationIndex(new_index);
b=FFT_Data.data(new_index,2)/10;
power_b=10.^(b);
amplitude_b=sqrt(power_b);
% Number of frequency peaks in the filtered data
n=length(new_index);
num=0;
den=0;
% Compute NSC
for i=1:n
num=num+i*amplitude_b(i);
den=den+amplitude_b(i);
end
nsc=num/den;
% Compute Spectral Centroid
sc=nsc*FFT_Data.data(new_index(1,1),1);
% End of the script

